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Dear  Mr.  Hawkslet, 

After  several  years  of  work,  interrupted  by  the  demands 
of  an  active  professional  life,  I  venture  to  submit  to  the  public 
a  new  edition  of  my  Handbook  of  Chemistry.  If  excuse  be 
needed  for  another  issue  of  a  work  that  has  been  out  of  print 
for  some  years,  I  may  claim  the  rapid  sale  of  the  first  edition, 
which  appeared  in  1878. 

As  regards  general  arraugement,  I'  have  adhered  to  the 
plan  I  first  adopted.  That  it  has  advantages  is  indicated,  I 
may  reasonably  inf ei',  by  the  fact  that  it  has  had  its  imitators. 
I  have,  however,  made  certain  important  alterations.  I  have 
omitted,  not  without  some  regret,  the  constitutional  formulse  first 
suggested  by  Dr.  Frankland,  which  for  three  years  I  adopted  in 
my  lectures.  On  the  whole,  it  seems  preferable,  in  view  of  the 
many-sided  relationships  of  different  chemical  compounds,  to 
avoid  their  systematic  expression  by  any  single  scheme  of  con- 
stitutional formulae,  necessarily  representing  them  in  a  single 
aspect  only. 

With  respect  to  the  names  of  chemical  compounds,  I  have 
at  times  not  hesitated  to  write  in  common  language.  If  I 
have  used  the  word  "  potash,"  and  the  body  I  mean  to  imply 
thereby  is  understood,  I  am  satisfied.    I   confess   that  the 
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growing  necessity  for  having  a  translation  at  one's  side  in 
attempting  to  understand  the  modern  scientific  paper,  is  in 
my  opinion  a  circumstance  to  be  deplored.  Danger,  moreover, 
is  always  to  be  apprehended  when  a  language  has  to  be  invented 
to  support  a  theory  or  a  formula.  A  party  shibboleth  has,  no 
doubt,  a  charm  for  its  special  clique.  It  serves  as  a  bond  of 
union  for  the  initiated,  whilst  it  prevents  the  interference  of 
outsiders.  But,  all  the  same,  it  is  distracting  to  the  independent 
worker,  and  can  but  prove  a  hindrance  to  the  general  cultiva- 
tion of  science. 

I  dedicate  this  book  to  you  without  asking  your  permission. 
Few  subjects  are  discussed  in  its  pages  which  do  not  bear  marks 
of  your  accurate  criticism.  I  ask  you  to  accept  the  dedication 
as  an  acknowledgment  on  my  part  of  the  kindly  assistance  you, 
more  than  any  one,  have  accorded  me  in  my  professional  career. 
And  if,  as  is  the  case,  professional  association  has  begotten  affec- 
tionate regard,  then  I  venture  to  think  no  other  explanation  is 
required  for  offering  you  the  best  expression  I  can  of  sincere 
esteem  and  gratitude. 

Believe  me, 

My  dear  Mr.  Hawksley, 

Sincerely  yours. 


C.  MEYMOTT  TIDY. 


3,  Mandeville  Place, 

Cavendish  Square, 
August,  1887. 


P.S. — I  desire  to  acknowledge  my  indebtedness  to  my  friend 
and  assistant,  Mr.  J.  H.  Bicket,  F.O.S.  The  labour  of  correcting 
the  proof  sheets  would  have  been  exceedingly  greater  but  for  his 
ready  and  intelligent  assistance. 
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When  an  author  writes  a  new  book  on  a  subject  upon  whicb 
so  many  good  books  have  been  already  written,  he  is  expected 
to  give  some  reason  for  doing  so. 

I  venture,  therefore,  to  plead  my  apology  for  the  publication 
of  these  outlines  of  Chemistry.  Within  three  months  of  gradua- 
ting—in other  words,  when  "  fresh  from  the  schools  "—I  was  ap- 
pointed Joint  Lecturer  on  Chemistry  with  the  late  Dr.  Letheby 
at  the  London  Hospital.  Consequently,  my  first  lecture-notes 
were  prepared  when  familiar  by  practical  experience  with  the 
wants  of  a  student.  Year  by  year,  these  notes  have  been  added 
to,  and,  to  some  extent,  re- written ;  nevertheless,  except  in  a  few 
instances,  I  have  strictly  adhered  to  the  plan  I  first  adopted. 
I  submit  these  lecture-notes  to  the  profession  as  the  joint 
experience  of  a  student  and  a  teacher. 

In  the  first  section  of  this  work,  I  have  considered  the 
chemistry  of  the  non-metals;  in  the  second,  the  chemistry  of 
the  metals ;  and,  in  the  third,  the  chemistry  of  organic  bodies. 

Before  proceeding  to  details,  I  have  in  each  case  gene- 
ralized largely  on  the  subject  matter  of  the  section.  Thus,  as 
introductory  to  the  science  of  chemistry  generally,  and  before 
describing  the  non-metals,  I  have  discussed  at  some  length  the 
subject  of  chemical  aflElnity.    In  a  similar  manner,  I  have  genera- 
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lized  on  the  metals  and  on  the  chemistry  of  organic  bodies,  before 
proceeding  to  the  consideration  of  the  several  elements  or  com- 
pounds comprehended  under  the  section.  Nothing  to  my  mind 
is  more  important  than  for  teachers  and  students  to  grasp  the 
notion  that  the  lecture-room  is  not  the  same  as  the  study — in 
other  words,  that  the  lecture  will  not  take  the  place  of  the  book, 
any  more  than  the  book  can  take  the  place  of  the  lecture.  Each 
has  its  special  work  in  education.  Thus  it  appears  to  me 
that  in  the  lecture-room  the  work  of  the  teacher  is  best  fulfilled 
by  sketching  accurately,  yet  broadly,  the  general  outlines  of  the 
whole  subject,  intensifying  them  where  necessary  by  illustration 
and  experiment  (in  fact,  so  to  speak,  covering  the  canvas),  leav- 
ing the  student,  in  the  quiet  book-work  of  the  study,  to  fill  in 
the  minute  details  for  himself.  With  this  view  of  the  different 
functions  of  lectures  and  books,  I  have  always  adopted  in  the 
lecture  theatre  a  system  of  broad  generalization,  such  as  I  have 
briefly  shadowed  forth  in  the  remarks  preceding  the  several 
sections.  I  hope  these  may  prove  of  general  use  as  an  intro- 
duction to  the  detailed  work  that  follows,  but  they  are  mainly 
intended  as  a  guide  to  my  own  pupils  at  lecture. 

Thus  much  for  introductory  generalisation. 

As  regards  the  details,  my  aim  has  been  to  be  methodical. 
I  have  therefore  considered  each  element,  and,  as  far  as  possible, 
each  compound,  under  the  several  heads  of  (1.)  History,  (2.) 
Natural  History,  (3.)  Preparation,  (4.)  Properties,  (a.)  Sensible^ 
(^.)  Physical,  and  (7.)  Chemical ;  (5.)  Uses  in  Medicine  and  in 
the  Arts  and  Manufactures,  and  (6.)  Tests. 

In  dealing  with  the  non-metals  I  have  commenced  with 
oxygen  and  finished  with  hydrogen,  discussing  under  each 
element  the  compounds  it  forms  with  the  elements  previously 
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considered  in  detail.  Thus,  for  example,  under  hydrogen  (the 
last  of  the  non-metals  discussed),  I  have  described  all  the  com- 
pounds that  it  forms  with  the  non-metals. 

******** 

As  regards  notation,  although  I  recognise  great  advantages 
in  that  suggested  by  Dr.  Frankland,  I  am  by  no  means  prepared 
to  abandon  the  old  formulae.  Under  these  circumstances  I  have, 
in  the  inorganic  portion  of  the  work,  stated  equations  in  both 
molecular  and  constitutional  formula.* 

In  the  case  of  each  metal  I  have  drawn  up  a  table  of  its 
most  important  compounds,  their  formulas,  and  such  tabulated 
information  respecting  them  as  I  thought  might  prove  useful  to 
the  student. 

My  first  object  in  ^this  book  is  that  it  should  serve  as  a 
manual  for  students.  As  a  medical  man  and  a  professor  in  a 
medical  school,  I  have  always  made  a  special  point  of  noting 
in  my  lectures  the  bearing  of  chemical  science  on  medicine. 
This  will  account  to  the  general  student  of  chemistry  for  my 
discussing  certain  subjects  in  greater  detail  than  is  usual  in 
similar  works. 

Further,  bearing  in  mind  the  special  knowledge  required  of 
medical  officers  of  health  in  dealing  with  nuisances  arising  from 
various  trade  operations,  I  have  given  the  outlines  (limited  of 
course  to  the  strictly  scientific  details)  of  most  manufacturing 
processes,  and  the  chemical  reactions  involved  in  the  same. 
To  cure  a  nuisance  is  more  scientific  than  to  annihilate  a  manu- 
factory, and  to  suggest  the  cure  we  must  accurately  understand 
the  case. 

*  In  this  edition,  as  stated  in  the  Dedication,  the  constitutional  formulsa  have 
been  omitted. 
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To  the  lecture-notes  of  Frankland  and  to  the  manuals  of 
Chemistry  of  Odling,  Williamson,  Roscoe,  Bloxam,  Thorpe, 
Miller,  and  Fownes,  and  particularly  to  the  excellent  manual 
on  Organic  Chemistry,  by  Dr.  Armstrong,  I  desire  to  express 
my  obligations. 

I  should  wish  to  add  that,  although  I  have  spared  no  pains 
to  render  this  Handbook  as  complete  and  as  accurate  as  pos- 
sible, nevertheless  I  trust  some  allowance  will  be  made  for  un- 
avoidable errors  arising  from  the  circumstance  that  it  has  been 
written  amidst  the  constant  interruptions  of  professional  work. 
Not  unfrequently  indeed  has  it  had  for  a  time  to  be  laid  aside 
altogether,  thereby  rendering  continuity  of  thought  and  uni- 
formity of  treatment  a  matter  of  some  difficulty. 


April,  1878. 
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CHAPTER  I. 


CHEMICAL  AFFINITY. 

Definition — Conditions  necessary  for  the  exercise  of  Chemical  Affinity — Phenomena  

The  Circumstances  influencing  its  Action— Influence  of  Gravitation,  Cohesion, 
Elasticity,  and  Adhesion  —  Solution  —  Surface  Action  —  Nascent  Condition  of 
Matter— Influence  of  Quantity  and  of  Mechanical  Force— Catalysis— Concurrent 
Attractions— Influence  of  Heat  and  Cold— Dissociation— Thermo-Chemistry— 
Influence  of  Light  and  of  the  Electric  Current— Electrolysis— Influence  of  Vital 
Action— Methods  of  estimating  the  Energy  of  the  Force. 


Chemical  affinity  may  be  defined  as  a  "  force  of  attraction  acting 
between  two  or  more  dissiviilar  particles  brought  within  an  inappre- 
ciable distance,  whereby  a  neiv  compound  {i.e ,  a  compound  possessing 
properties  dissimilar  from  those  of  its  constituents)  is  formed."  Thus, 
if  Iodine  (a  black,  poisonous  substance)  be  chemically  combined  with 
Potassium  (a  silvery  white  metal),  a  compound  (Potassium  Iodide)  results, 
which  exhibits  neither  sensible,  chemical,  physical,  nor  physiological 
resemblance  to  the  constituent  elements.  This  change  of  property  is 
the  special  characteristic  of  "  Chemism "  or  "  Chemical  Affinity." 
Gravitation  is  the  attraction  between  similar  or  dissimilar  particles,  and 
IS  capable  of  acting  at  an  appreciable  distance  ;  cohesion  is  the  attraction 
between  similar  particles  at  an  inappreciable  distance ;  adhesion,  the 
attraction  between  dissimilar  particles  at  an  inappreciable  distance  ; 
but  no  change  of  property  results  to  the  matter  on  which  these 
several  physical  forces  of  attraction  are  exerted. 

_  The  chemical  force  has  received  difEerent  names  :  Bergman  termed 
n  Mective  Gravitation;"  Azais,  ''Molecular  Gravitation  Newton, 
Chemical  Attraction  or  Action  ;  "  others,  "  Chemism  "  and  "  Heterogene- 
ous Affinity;"  whilst  Stahl  invented  the  phrase  '' Chemical  Affinity" 
{or  simply  «  Affinity  "),  because  he  supposed  that  bodies  which  combined 
chemically  must  have  something  in  common.  As  a  fact,  we  know 
that,  chemically,  "like  does  not  ccnsorlr  with  like,"  but,  par  excellence, 
with  unhke  ;  bodies  the  most  opposite,  as,  for  example,  acids  and 
alkahes,  being  the  most  disposed  to  combine. 
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I— The  Conditions  necessary  for  the  Exercise  of  Affinity. 

(a.)  There  must  be  two  or  more  dissimilar  particles. — Chemical  union 
cannot  take  place  between  iron  and  iron,  nor  between  sulphur  and 
sulphur.  Iron  and  sulphur,  on  the  contrary,  are  capable  of  chemical 
combination.  Usually,  the  more  chemically  like  the  substances,  the 
less  intense  is  the  play  of  affinity,  and  vice  versa.  Thus,  the  constitu- 
ents of  most  chemical  compounds,  when  subjected  to  a  battery  current, 
pass  to  opposite  poles — those  attracted  to  the  positive  pole  of  the 
battery  being  termed  eleciro-negaiives,  and  those  attracted  to  the 
negative  pole,  electro-positives.  Two  positives  or  two  negatives  may 
combine,  but  the  chemical  phenomena  resulting  from  such  combina- 
tions are  usually  slight,  the  compound  partaking  of  a  mechanical  rather 
than  of  a  chemical  nature. 

In  affinity,  moreover,  we  note  a  certain  elective  power.  If,  e.g., 
hydrochloric  acid  be  poured  on  lime  and  alumina,  upon  both  of  which 
it  is  capable  of  acting,  we  find  that  the  acid  acts  by  preference  on  the 
lime  ("  Elective  Affinity  "  of  Bergman). 

(/3.)  The  particles  concerned  must  be  broughtinto  absolute  contact. — This 
may  bo  effected  by  various  agencies,  such  as  heat,  solution,  or  me- 
chanical action. 

II.— The  Phenomena  of  Affinity. 

The  phenomena  of  affinity  are  those  indicative  of  change.  With 
this  change,  however,  no  loss  of  matter  occurs. 

The  resulting  changes  may  be  effected  (1)  by  a  direct  combination 
of  the  elements  or  compounds  ;  (2)  by  the  displacement  or  mutual 
exchange  of  a  group  or  element  in  one  body  by  a  group  or  element 
from  another.  To  these  must  be  added  (3)  a  rearrangement  of  the 
atoms  or  groups  of  which  a  body  is  composed  (molecular  change),  and 
(4)  the  more  or  less  complete  breaking  up  of  the  substance  (decomposi- 
tion), as  illustrative  of  other  changes  that  may  occur  in  a  chemical 
compound.  But  for  the  present  we  are  mainly  occupied  with  the  first 
two  results  of  the  chemical  force. 

In  a  mechanical  mixture  the  constituents  are  not  changed,  and  conse- 
quently the  nature  of  the  compound  is  a  mixture  of  the  natures  of 
the  constituents.  In  a  chemical  mixture  the  properties  of  the  resulting 
compound  or  compounds  frequently  bear  no  resemblance  whatsoever  to 
the  properties  of  the  constituents  of  which  it  or  they  are  composed. 

In  all  chemical  combinations  we  must  be  prepared  for  more  than  one 
new  substance  being  formed.  If  the  body  resulting  from  chemical 
union  be  a  homogeneous  gas,  the  residue,  after  diffusion,  will  have  the 
same  composition  as  the  original  gas,  whereas,  if  it  be  a  mixture, 
this  will  almost  certainly  not  be  the  case,  the  lighter  molecules 
passing  through  the  diaphragm  more  rapidly  than  the  heavier.  {See 
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Diffusion,  Index.)  If  it  be  a  homogeneous  liquid,  its  boiling  point 
at  given  pressures  will  be  constant  from  the  first  to  the  last  drop. 
Thus  fractional  distillation  is  employed  to  separate  mixed  liquids.  If 
it  be  a  homogeneous  solid,  it  will  show  itself  in  the  constancy  of  the 
results  of  detailed  analysis — in  possessing  the  same  specific  gravity 
at  like  temperatures — in  the  uniformity  of  the  shape  and  angular  value 
of  the  crystals  (always  remembering  the  possibility  of  one  substance 
having  two  or  more  shapes)— in  the  uniformity  of  the  results  of 
fractional  crystallisation— in  the  constancy  of  the  fusing  point — in 
definite  solubility  at  definite  temperatures— and  lastly  in  the  consist- 
ency of  the  results  of  fractional  solution. 

Changes  in  the  sensible,  the  physiological,  the  physical,  and  the  chemical 
properties  of  bodies  may  be  noted  as  the  result  of  affinity. 

(A.)  Changes  in  the  Sensible  Properties. 

(a.)  Color:  This  may  be— (1.)  Produced  {e.g.,  if  solutions  of  potassic 
iodide  and  plumbic  acetate  (both  of  which  are  colorless)  be 
mixed,  the  yellow  plumbic  iodide  is  formed).  (2.)  Altered 
{e.g.,  the  action  of  an  acid  on  litmus,  or  of  an  alkali  on 
turmeric).  (3.)  Destroyed  {e.g.,  the  action  of  chlorine  on 
indigo). 

(/3.)  Odor:  This  may  be— 1.  Produced  {e.g.,  sulphuretted  hydrogen,  a 
compound  of  sulphur  and  hydrogen).  (2.)  Altered  {e.g.,  nitro- 
benzene, formed  by  the  action  of  nitric  acid  on  benzene).  (3.) 
Destroyed  {e.g.,  action  of  chlorine  on  sulphuretted  hydrogen). 

(y.)  Taste:  This  may  be— (1.)  Produced  (e.^.,  nitrogen  and  hydrogen 
form  ammonia).  (2.)  Altered  {e.g.,  chlorine  and  sodium  form 
common  salt).  (3.)  Destroyed  {e.g.,  baric  oxide  and  sulphuric 
acid  form  the  tasteless  baric  sulphate). 

(B.)  Changes  in  the  Physiological  Properties. 

(a.)  Harmless  bodies  become  active.— For  example,  (1.)  Strychnia,  a 
deadly  poison,  is  formed  by  the  combination  of  the  harmless 
elements,  carbon,  hydrogen,  oxygen,  and  nitrogen.  (2.)  Sul- 
phuric acid,  a  corrosive  poison,  is  formed  by  the  combination 
of  the  inert  elements,  sulphur,  hydrogen,  and  oxygen. 

(^.)  Active  bodies  become  inert.— U^on  this  depends  the  action  of 
chemical  antidotes.  Thus,  sulphuric  acid  is  a  poison,  but  if 
this  be  combined  with  calcic  hydrate,  the  inert  body  calcic 
sulphate  is  formed. 

(C.)  Changes  in  the  Physical  Properties. 
(a.)  Aggregation.— T:\m^—{\.)  Solids  become  liquids  and  gases.  (2.) 
Liquids  become  solids  and  gases.    (3.)  Gases  becomes  solids 
and  liquids. 

(/3.)  Density.— The  density  of  bodies  is  usually  increased  by  aflanity. 

B  2 
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A  change  in  other  properties  takes  place  as  the  result  of  altered  density, 
such  as  the  hardness  of  a  body,  its  sonorousness,  etc. 

(y.)  Thermotic  properties.  . 

(i )  Temperature.— -Re^i  always  results  from  the  play  of  affinity. 
The  heat  evolved  may  vary  from  an  imperceptible  rise  of  temperature 
to  actual  combustion.  In  those  cases  where  cold  is  apparently  pro- 
duced, the  chemical  act  is  always  accompanied  by  some  change  ot 
state  of  the  constituents,  the  heat  required  to  efiect  the  conversion 
of  the  solid  to  a  liquid,  or  of  the  liquid  to  a  gas,  being  in  excess  of  the 
heat  produced  by  the  agency  of  the  chemical  force.  {See  Thermo- 
chemistry.) 

(ii.)  FusihiMty.—With.   few   exceptions   the   chemical  compound 
is  more  fusible  than  the  mean  fusibility  of  the  constituents. 

(1.)  Fusibility  increased.— A  mixture  of  1  part  of  lead,  1  of  tin,  and 
2  of  bismuth,  melts  at  167°  F.  (75°  C),  whereas  the  mean  melting 
point  of  the  constituents  would  be  512°  F.  (267°  C). 

{2.\  Fusibility  diminished. -Such  cases  are  rare.  The  metaUic  sul- 
phides supply  us,  however,  with  illustrations. 

(iii.)  Volatility.— This  may  be  increased  or  diminished. 

(1  )  Volatility  increased.— When  carbon  (a  non-volatile  body)  is 
combined  with  sulphur  (volatile  at  600°  F.,  316°  C),  a  liquid  (carbonic 
disulphide)  is  formed,  which  requires  an  enormous  cold  even  to  render 
it  viscid,  and  is  volatile  at  ordinary  temperatures,  boilmg  at  111  t. 
(44°  C). 

(2.)  Volatility  diininished.—WsiteT  boils  at  212°  F.  (100°  C).  In 
certain  chemical  compounds,  however,  it  is  practically  non-volatile. 

Again,  the  electrical  states  and  the  crystalline  forms  of  bodies  are 
altered  by  the  play  of  affinity. 

Ill —Circumstances  Influencing  Chemical  Afianity. 

Inasmuch  as  affinity  depends  on  molecular  attraction,  it  follows  that 
whatever  tends,  on  the  one  hand,  to  bring  the  particles  together,  or  on 
the  other  hand,  to  separate  them,  must  influence  the  action  of  chemism, 
in  the  former  case  assisting,  and  in  the  latter  interfering,  with  the 
activity  of  the  force. 

1.  Gravitation  Modifies  Chemical  Action. 
Gravity  affects  chemical  action  by  the  disposition  of  the  heavier 
particles  to  sink,  and  of  the  lighter  particles  to  rise  to  the  surface. 

2.  Cohesion  Modifies  Chemical  Action. 
Affinity  being  a  molecular  force,  it  follows  that  it  will  be  favoured 
by  influences  that   lessen   cohesion,    such  as   mechanical  division 
(powdering),  heat  (fluidity),  or  solution.    The  action  of  cohesion  in 
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influencing  the  force  may  be  either  exerted  upon  the  constituents  or 
upon  the  resultant  : — 

(a.)  Cohesion  of  the  Constituents, — Tindeir  burns  readily,  compact 
coke  "nith  difficulty.  A  lump  of  lead  is  very  slowly  acted  upon  when 
exposed  to  the  air,  but  if  the  metal  be  in  a  finely  powdered  state 
(pyrophoric)  it  instantly  ignites.  If  finely  powdered  antimony  be 
sprinkled  into  chlorine  it  takes  fire,  but  this  intense  chemical  action 
does  not  occur  when  a  lump  of  the  metal  is  placed  in  the  gas.  Thus 
too,  with  a  decreasing  density  of  the  carbon  allotropes,  we  find  an 
increase  of  combustibility. 

(/3.)  Cohesion  of  the  Besultant. — When  sulphuric  acid  is  added  to  a 
baric  nitrate  solution,  baric  sulphate  is  precipitated.  The  sulphuric 
acid  thus  removes  the  barium  out  of  the  sphere  of  chemical  action, 
by  reason  of  the  superior  cohesion  of  the  resultant.  This  action  was 
often  attributed  to  what  is  called  superior  affinity,  but  there  are  diffi- 
culties in  admitting  this  explanation.  For,  if  acetic  acid  be  added  to 
a  solution  of  potassic  carbonate  in  water,  carbonic  anhydride  escapes, 
and  potassic  acetate  is  formed  ;  but  if  carbonic  auhydride  be  passed 
through  a  solution  of  potassic  acetate  in  spirit,  acetic  acid  is  set  free 
and  potassic  carbonate  is  formed,  which,  being  insoluble  in  the  spirit, 
is  precipitated. 

3.  Elasticity  (Volatility)  Modifies  Chemical  Action. 

The  action  of  elasticity  (that  is,  the  absence  of  cohesion)  upon 
affinity,  is  closely  related  to  that  of  cohesion  (that  is,  the  absence  of 
elasticity).    Both  are  capable  of  effecting  the  removal  of  bodies  from 
compounds— cohesion,  by  reason  of  the  insolubility  of  certain  bodies, 
and  elasticity  by  reason  of  the  volatility  of  others.    But,  although 
the  action  of  cohesion  and  of  elasticity  are  analogous,  they  are  often 
opposite.    If,  for  example,  we  add  ammonia  to  a  solution  of  magnesic 
sulphate,  magnesia  is  precipitated,  and  ammonic  sulphate  remains 
m  solution.    This  precipitation  of  magnesia  is  the  action  of  cohesion. 
But  if  dry  ammonic  sulphate  and  dry  magnesia  are  heated  together, 
ammonia  is  expelled  and  magnesic  sulphate  is  formed.    This  evolution 
of  ammonia  is  the  action  of  elasticity.    It  is  the  spring  of  repulsion 
between  the  particles,  or,  in  other  words,  the  distance  maintained 
between  the  particles  (elasticity),  which   prevents   hydrogen  and 
oxygen  combining,  but  if  this  repulsion  or  distance  be  overcome  by 
some  such  power  as  pressure,  heat,  or  the  action  of  spongy  platinum, 
combination  results.    Thus  elasticity  is  employed  by  the  chemist  both 
for  the  purpose  of  breaking  up  compounds  and  of  producing  new 
ones.     Acids,  bases,  and  salts  are  all  more  or  less  affected  by  its 
action ; — 

(a.)  Adds. — If  an  acid  bo  added  to  a  salt  containing  an  acid  capable 
either  of  assuming  a  gaseous  form  at  ordinary  temperatures,  or  of 
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being  converted  into  vapor  at  a  temperature  below  tbat  required  to 
volatilise  the  acid  added  to  displace  it,  the  acid  in  the  salt  will  be 
driven  off  and  a  new  compound  formed,  consisting  of  the  base  of  the 
original  salt  with  the  new  acid.  For  example,  if  we  add  to  a  carbonate 
almost  any  acid,  the  carbonic  anhydride  of  the  salt  is  immediately 
evolved.    Thus — 

Potassic  carbonate  +  sulphuric  acid  =  potassic  sulphate  +  carbonic  anhydride. 

Again  :  Sulphuric  acid  displaces  nitric,  hydrochloric,  acetic,  formic, 
butyric,  and  other  volatile  acids  from  their  salts  during  distillation. 

Further,  it  is  to  be  noted  that  whatever  tends  to  increase  the 
elasticity  of  a  body,  such  as  heat,  will  also  favour  or  modify  chemical 
action.  This  circumstance  explains  certain  contradictory  phenomena, 
whereby  salts  of  strong  acids  are  decomposed  by  the  action  of  weak 
acids.  For  example,  sulphuric  acid,  we  say,  has  a  strong  affinity,  and 
boric  acid  a  weak  affinity  for  bases.  If  sulphuric  acid  be  added  to  a 
solution  of  sodic  borate,  boric  acid  is  set  free,  and  sodic  sulphate 
formed.  But  if  sodic  sulphate  and  boric  acid  be  fused  together, 
sulphuric  acid  is  volatilised  (elasticity)  and  sodic  borate  is  formed. 
The  same  is  also  true  of  the  action  of  silicic  and  phosphoric  anhy- 
drides on  the  sulphates.  Or,  again,  if  oxalic  acid  be  boiled  with  a 
solution  of  a  chloride,  hydrochloric  acid  will  be  expelled  from  the 
solution.  Thus  a  feeble  acid  may  drive  off  a  strong  acid,  provided  the 
stronger  acid  be  the  more  volatile  of  the  two. 

(/3.)  Bases. — If  a  salt  of  a  volatile  base  be  heated  with  a  fixed  base, 
the  fixed  base  displaces  the  volatile  base.  For  example,  if  an  am- 
monic  salt  be  heated  with  potassic  hydrate,  a  salt  of  potash  is  pro- 
duced, and  ammonia  gas  evolved.  Here,  again,  contradictory  pheno- 
mena may  be  noted.  For  if  ammonia  be  added  to  an  aluminic  sulphate 
solution,  alumina  is  precipitated  and  ammonic  sulphate  is  formed  ;  but 
if  dry  alumina  and  dry  ammonic  sulphate  be  heated  together,  ammonia 
is  evolved  and  aluminic  sulphate  is  formed. 

(y.)  Salts. — Reactions  of  a  similar  nature  occur  in  the  case  of  salts. 
If  a  solution  of  ammonic  carbonate  be  added  to  a  solution  of  calcic 
chloride,  calcic  carbonate  is  precipitated  and  ammonic  chloride  remains 
m  solution  ;  whilst,  on  the  contrary,  if  dry  ammonic  chloride  and  dry 
calcic  carbonate  be  heated  together,  ammonic  carbonate  is  evolved  and 
calcic  chloride  remains. 

The  power  of  elasticity  on  affinity  is  curiously  influenced  by  certain 
mechanical  processes,  whereby  the  components  of  the  body  undergoing 
change  are  removed  from  the  sphere  of  action.  For  example,  if  ferric 
oxide  be  heated  in  a  current  of  hydrogen,  the  iron  is  reduced,  the  little 
steam  formed  being  carried  away  by  the  excess  of  hydrogen;  whilst  if 
metallic  iron  be  heated  in  a  current  of  steam,  the  water  is  decomposed, 
ferric  oxide  is  formed,  and  the  hydrogen  liberated  is  carried  away  by 
the  excess  of  steam. 

Further  chemical  action  may  be  retarded  if  the  escape  of  bodies  be 
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prevented  by  mechanical  means.  For  example,  if  an  acid  be  poured 
on  calcic  carbonate  in  a  flask  provided  with  a  stopcock,  the  stopcock 
being  open,  carbonic  anhydride  escapes,  owing  to  its  elasticity,  and  a 
new  lime  salt  with  the  acid  is  formed  ;  but  if  the  escape  of  the  car- 
bonic anhydride  be  prevented  by  closing  the  stopcock,  the  formation  of 
the  new  salt  will  be  impeded,  the  action  again  proceeding  when  the 
stopcock  is  re-opened. 

Again,  if  calcic  carbonate  (as  in  a  lime  kiln)  be  heated  exposed  to 
the  air,  all  the  carbonic  acid  will  be  driven  off,  and  quick  lime  (CaO) 
remain.  But  if  calcic  carbonate  be  heated  in  a  closed  tube,  so  that 
the  escape  of  the  carbonic  anhydride  is  prevented,  it  may  be  fused 
without  decomposition  resulting. 

Again,  if  hydrate  of  chlorine  be  sealed  up  in  a  glass  tube,  it  remains 
solid  even  at  68°  F.  (20°  C.)  the  pressure  of  the  chlorine  stopping 
decomposition ;  but  if  it  be  exposed  to  air  a  few  degrees  above  the 
freezing  point  of  water,  it  liquefies  with  disengagement  of  chlorine. 
Similarly  a  hydrate  of  sulphuretted  hydrogen  may  be  preserved  under 
pressure. 

4.  Adhesion  Modifies  Chemical  Action. 

Just  as  cohesion  opposes,  so  adhesion  invariably  assists  affinity. 
Nor  is  this  other  than  would  be  expected,  when  we  remember  the 
close  relationship  subsisting  between  affinity  and  adhesion — indeed, 
not  unfrequently  it  is  difficult  to  mark  an  exact  dividing  line.  The 
powerful  influence  of  solution  (i.e.,  the  adhesion  of  liquids  and  solids  or  of 
liquids  and  gases)  in  aiding  affinity,  has  been  already  referred  to.  Solu- 
tion effects  a  minute  subdivision  of,  and  an  increased  freedom  of  motion 
amongst  the  molecules,  thereby  favouring  contact  of  different  molecules. 
As  an  example — baric  nitrate  is  soluble  in  water  as  well  as  in  dilute 
nitric  acid,  but  is  insoluble  in  concentrated  nitric  acid.  If  strong  nitric 
acid  be  poured  on  baric  carbonate,  very  little,  if  any,  action  results  ; 
but  if  water  be  added  to  the  mixture  the  action  becomes  energetic, 
carbonic  anhydride  is  evolved,  and  baric  nitrate  remains  in  solution. 
The  chemical  action  in  this  case  did  not  occur  until  the  circumstances 
favoured  solution.  So  also  an  alcoholic  solution  of  an  acid  (as  tartaric 
acid)  will  not  decompose  a  carbonate  (as  potassic  carbonate),  unless 
the  resulting  salt  is  soluble  in  alcohol.  If  dry  sulphuretted  hydrogen 
be  mixed  with  dry  sulphurous  anhydride  they  do  not  re-act,  whilst 
decomposition  is  immediate  if  moisture  be  present. 

(A.)  Solution. 

Solution  implies  the  admixture  of  a  substance  (solid,  liquid  or 
gaseous)  with  a  solvent.  It  may  be  assumed  that  solids  and  gases 
become  liquid  when  dissolved.  The  term  "  miscibility"  is  used  to  imply 
the  solution  of  liquids,  and  "  absorption  "  the  solution  of  gases. 
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In  dissolving  a  salt  in  water  a  contraction  of  volume  (amnionic 
chloride  being  an  exception)  results,  together  with  the  development  or 
the  absorption  of  heat.  The  development  of  heat  takes  place  when 
the  solvent  combines  chemically  with  the  substance  acted  on,  as,  e.g., 
when  KHO  (potash)  is  mixed  with  water,  KHO,  2H2O  is  formed. 
The  absorption  of  heat  (cold)  occurs  either  when  no  such  chemical 
action  takes  place,  or,  at  any  rate,  when  the  heat  absorbed  (latent) 
required  to  effect  liquefaction  exceeds  the  heat  produced  by  the 
chemical  act.  Thus  if  KHO,  2H2O  be  dissolved  in  water,  cold 
results.  The  solution  of  a  double  salt  produces  a  greater  cold  than 
the  sum  of  the  cold  produced  by  the  solution  of  the  separate  salts  of 
which  it  is  composed,  because  the  heat  given  out  by  the  union  of 
the  two  salts  has  to  be  absorbed  when  the  double  salt  is  dissociated. 
All  salts  capable  of  dissolving  in  water,  according  to  Guthrie,  form 
definite  solid  compounds,  having  fixed  fusing  points  with  the  solvent. 
To  the  compounds  solid  below  32°  F.  (0°  C.)  he  has  given  the  name 
cryohydrate.  The  fusing  point  of  that  cryohydrate  formed  at  the 
lowest  temperature  (for  the  same  salt  often  forms  several  cryohydrates) 
is  the  limit  of  cold  attainable  by  a  given  freezing  mixture,  the  maximum 
effect  being  produced  when  the  ingredients  are  rightly  proportioned  to 
form  this  cryohydrate. 

(I.)  The  Action  of  Acids  on  Salts  in  solution. 

(a.)  If  an  acid  be  added  to  a  solution  of  a  salt,  such  acid  being 
of  nearly  equal  chemical  power  to  the  acid  of  the  salt,  and  with  the 
base  of  which  salt  it  can  unite  to  form  a  soluble  compound,  the 
probability  is  that  the  base  will  be  divided  between  the  two  acids, 
equally  or  unequally,  both  acids  being  also  present  in  solution  in  a 
free  state. 

Example :  Sulphuric  acid  +  potassic  nitrate  =  potassic  sulphate  +  potassic  nitrate 
+  sulphuric  acid  +  nitric  acid. 

Thomsen  has  shown  that  in  a  solution  of  equal  equivalents  of  two 
acids  with  a  quantity  of  base  only  sufficient  for  the  neutralization  of 
one,  the  base  is  commonly  appropriated  by  that  acid  with  which  it 
forms  the  least  heat  on  neutralization,  a  fact  opposed  to  Berthelot's 
views  of  maximum  work. 

(i.)  If  an  acid  be  added  to  a  solution  of  a  salt,  such  acid  being  of 
much  greater  chemical  activity  than  the  acid  of  the  salt,  but  with  the 
base  of  which  salt  it  can  unite  to  form  a  soluble  compound,  the  strong 
acid  will  then  appropriate  the  whole  of  the  base,  and  set  free  the  whole 
of  the  acid  originally  combined  with  the  salt. 

Example  :  Sulphuric  acid  +  sodic  borate  =  sodic  sulphate  +  boric  acid. 

(c.)  If  an  acid  be  added  to  a  solution  of  a  salt,  aqueous  or  other- 
wise, it  being  immaterial  whether  the  acid  so  added  be  of  greater  or 
of  less  chemical  power  than  the  acid  already  present  in  the  salt,  but 
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■with  the  base  of  which  salt  it  is  capable  of  forming  a  precipitate  in- 
soluble in  the  menstruum  in  which  the  salt  is  dissolved  ;  the  acid 
added  will  appropriate  the  whole  of  the  base,  and  set  free  the  original 
acid. 

Examples  (I)  Sialphuric  acid  +  baric  nitrate  =  baric  sulphate  +  nitric  acid. 

(2)  Hydrocyanic  acid  +  argentic  nitrate  =  argentic  cyanide  +  nitric  acid. 

(3)  Tartaric  acid  +  argentic  sulphate  =  argentic  tartrate  +  sulphuric  acid. 

(cZ.)  If  to  a  solution  of  a  salt,  the  acid  of  which  is  insoluble  in  the 
menstruum  in  which  the  salt  is  dissolved,  an  acid  be  added  which 
forms  with  the  base  of  the  salt  a  soluble  salt,  the  acid  added  will  then 
combine  with  the  whole  of  the  base,  whilst  the  acid  previously  in 
combination  with  it  will  be  precipitated. 

Example  :  Mtric  acid  +  potassic  tungstate  =  potassic  nitrate  +  tungstic  acid. 

(II.)  The  Action  of  Bases  on  Salts  in  solution. 

(a.)  If  to  a  solution  of  a  salt,  the  base  of  which  is  soluble,  another 
base  be  added  which  is  also  soluble  and  capable  of  forming  a  soluble 
salt  with  the  acid  of  the  original  salt,  the  acid  will  then  be  divided 
between  the  two  bases  in  proportion  to  its  affinity  for  each. 

Example :  Potassic  hydrate  +  sodic  nitrate  =  sodic  nitrate  +  potassic  nitrate  + 
sodic  hydrate  +  potassic  hydrate. 

Note  further  that  in  some  cases  a  portion  of  the  base  may  be  pre- 
cipitated, owing  to  its  imperfect  solubility. 

Example:  Potassic  hydrate  +  baric  nitrate  =  potassic  nitrate  +  baric  nitrate 
potassic  hydrate  +  baric  hydrate  (a  portion  of  which  will  be  precipitated). 

(h.)  If  to  a  solution  of  a  salt,  the  base  of  which  salt  is  entirely  in- 
soluble, a  base  be  added  which  forms  a  soluble  salt  with  the  acid  of 
the  original  salt,  then  the  base  of  the  original  salt  will  be  precipitated, 
and  the  whole  of  the  acid  set  free  will  combine  with  the  new  base. 

Example  :  Ammonia  +  ferric  sulphate  =  ferric  oxide  4-  ammonic  sulphate. 

This  rule  has  its  exceptions.  Thus  ammonia  will  not  thiw  down 
the  base  of  mercuric  cyanide,  although  it  is  insoluble. 

(c.)  If  to  a  solution  of  a  salt  a  base  be  added,  with  which  the  acid 
of  the  salt  forms  an  insoluble  compound,  all  the  acid  of  the  original 
salt  will  be  precipitated  with  the  newly  added  base,  the  other  base  if 
soluble  remaining  in  solution. 

Example  :  Baric  hydrate  -j-  potassic  sulphate  =  baric  sulphate  -f  potassic  hydrate. 

{d.)  If  to  a  solution  of  a  salt,  the  base  of  which  is  insoluble,  a  base 
be  added  which  forms  an  insoluble  compound  with  the  acid  of  the 
original  salt,  both  bases,  as  well  as  the  acid  previously  in  contact  with 
the  one  base,  will  be  precipitated  from  the  solution. 

Example  :  Baric  hydrate  +  argentic  sulphate  =  baric  sulphate  +  argentic  hydrate. 
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(III.)   The  Action  of  Salts  on  Salts  in  solution. 

(a.)  If  a  soluble  salt  be  added  to  a  soluble  salt,  both  salts,  by  a 
mutual  interchange  of  acids  and  bases  also  forming  soluble  salts,  a 
solution  of  four  salts  in  unknown  proportions  will  probably  result. 

Example  :  Potassic  sulphate  +  sodic  nitrate  =  potassic  sulphate  +  potassic  nitrate 
+  sodic  sulphate  +  sodic  nitrate. 

{b.)  If  a  soluble  salt  be  added  to  a  soluble  salt,  both  salts  by  a 
mutual  interchange  of  acids  and  bases  forming  an  insoluble  or 
sparingly  soluble  salt,  decomposition  will  result,  the  least  soluble  com- 
pound being  precipitated. 

Example :  Argentic  nitrate  +  sodic  chloride  =  argentic  chloride  +  sodic  nitrate 
(the  argentic  chloride  heing  precipitated). 

(B.)  Adhesion  of  Gases  to  Solids  (Surface  action). 

If  a  piece  of  porous  charcoal  be  placed  in  ammonia  gas  standing  over 
mercury,  the  charcoal,  by  reason  of  the  force  of  adhesion,  condenses 
the  gas  within  its  pores.  Again,  if  a  piece  of  charcoal  be  saturated 
Avith  hydrogen  by  being  employed  as  a  negative  electrode  in  decom- 
posing water,  the  charcoal  will,  in  that  condition  of  saturation,  de- 
compose a  solution  of  sulphate  of  copper  or  of  nitrate  of  silver,  the 
metal  being  deposited  on  the  charcoal.  Here  carbon  and  condensed 
hydrogen  act  as  a  voltaic  circuit,  the  hydrogen  playing  the  part  of 
the  oxidisable  metal,  and  the  charcoal  of  the  conducting  plate. 

The  action  of  spongy  platinum  in  effecting  the  combination  of  mixed 
hydrogen  and  oxygen  gases,  and  the  ease  with  which  a  piece  of 
platinum  foil  may  be  kept  red  hot  by  allowing  a  jet  of  hydrogen  or  of 
coal  gas  to  play  upon  it  (Dobereiner's  lamp),  are  further  illustrations 
of  the  power  of  adhesion  upon  affinity.  It  is  the  elastic  force  of  the 
gases  that  prevents  the  union  of  hydrogen  and  oxygen.  The  platinum, 
however,  by  effecting  a  condensation  of  the  gases  upon  its  surface, 
brings  them  within  the  range  of  each  other's  chemical  attraction 
(Faraday).  It  follows  that  the  larger  the  surface  exposed,  the  greater 
will  be  the  condensation.  Hence  the  greater  activity  of  finely  divided 
platinum  (platinum  black).  In  this  power  of  adhesion,  more- 
over, we  have  the  means  of  effecting  unusual  chemical  combina- 
tions. For  example,  spongy  platinum  will  coerce  the  formation  of 
water  and  nitric  acid  from  ammonia  and  air,  a  reaction  impossible  to 
effect  by  heat  alone  (,NH3  +  202=HN03-FHoO)— whilst  ammonia 
may  be  formed  from  a  mixture  of  the  oxides  of  nitrogen  and  hydrogen 
in  a  similar  manner  (N202-h5H2=2NH3-l-2H20).  Sulphurous  anhy- 
dride may  be  oxidised  by  the  action  of  spongy  platinum  to  sulphuric 
anhydride,  a  process  once  suggested  as  a  method  for  preparing  sul- 
phuric acid.  So,  again,  methylamine  may  be  formed  from  an  admixture 
of  hydrogen  and  hydrocyanic  acid — ammonic  carbonate  from  a  mixture 
of  ethylene  and  nitric  oxide,  &c.  Nor  is  this  action  peculiar  to  pla- 
tinum.  In  an  inferior  degree  gold,  silver,  palladium,  iridium  and  such 
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other  metals  as  possess  no  strong  affinity  for  oxygen  (otherwise  the 
surface  of  the  metal  would  soon  become  oxidised),  as  well  as  inert 
bodies,  such  as  pounded  glass,  porcelain,  &c.,  act  similarly.  This 
action  of  surface  is  modified  and  often  stopped  by  the  presence  of 
minute  quantities  of  certain  vapours  and  gases,  sucli  as  carbonic 
oxide,  carbon  disulphide,  phosphoretted  hydrogen,  sulphuretted  hy- 
drogen, etc. 

(C.)  Action  of  Nascent  Matter. 

If  hydrogen  be  generated  in  the  presence  of  arsenious  acid,  it 
combines  with  the  arsenicum  to  form  arseniuretted  hydrogen  (AsH,). 
But  its  power  of  combining  with  the  arsenicum  is  limited  to  the  moment 
at  which  it  is  generated.  For,  if  the  hydrogen  be  conveyed  through 
a  solution  of  arsenious  acid,  no  such  combination  results.  Again,  if 
hydrogen  be  passed  through  a  mixture  of  argentic  chloride  and  water, 
no  action  on  the  silver  salt  occurs  ;  but  if  the  hydrogen  be  generated 
in  the  presence  of  argentic  chloride,  the  silver  will  be  reduced. 

Again,  in  the  colour  tests  for  strychnia,  aniline,  &c.,  it  is  essential 
that  the  oxygen  be  generated  in  the  presence  of  these  bodies.  This  is 
commonly  effected  by  the  action  of  sulphuric  acid  on  some  salt,  such 
as  potassic  bichromate,  &c.  The  oxygen,  as  Letheby  showed,  liberated 
at  the  positive  pole  of  the  battery,  may  be  employed.  But  by  what- 
ever means  we  set  free  the  oxygen,  it  is  essential  that  the  gas  be 
nascent,  that  is,  that  the  bodies  upon  which  it  is  to  act  should  be  present 
at  the  moment  of  its  birth. 

We  may  suppose  in  such  condition  that  the  gases  are  for  the  moment 
under  coercion,  in  other  words,  that  the  elasticity  of  the  gases  has  not 
yet  come  into  play. 


5.  Influence  of  Mass  (ob  Quantity)  on  Affinity. 

It  will  be  remarked,  that  if  one  body  unites  with  another  body  in 
several  proportions,  the  compound  which  possesses  the  smallest 
number  of  elements  is  generally  the  most  difficult  to  decompose.  For 
example,  if  plumbic  dioxide  (PbOg)  be  heated,  plumbic  oxide  (PbO) 
and  oxygen  are  formed,  but  if  the  same  heat  be  continued,  it  will  be 
found  insufficient  to  decompose  the  plumbic  oxide. 

We  have  now  to  examine  this  subject  from  another  point  of  view. 
^  If  we  add  an  equivalent  of  sulphuric  acid  to  a  solution  of  potassic 
nitrate,  we  have  said  that  a  mixture  of  potassic  sulphate  and  potassic 
nitrate  will  be  formed,  together  with  free  acids.  Suppose  we  add, 
however,  a  great  excess  of  sulphuric  acid,  the  question  is,  Will  this 
excess  influence  the  relative  quantities  of  the  two  salts  formed  ?  This 
subject  was  first  investigated  by  Berthollet,  who  deduced  the  law 
"  that  in  elective  attraction  the  power  exerted  is  not  in  the  ratio  of  the  afjinity 
simply,  but  in  the  ratio  compounded  of  the  force  of  affinity  and  the  quantity 
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of  the  agent:'  That  is,  in  other  words,  that  quantity  may  be  made  to 
compensate  for  a  weaker  chemical  action.  Gladstone  {Phil.  Trans., 
1885,  p.  179)  has  further  investigated  this  subject,  employing  the 
change  of  color  effected  by  different  mixtures,  e.g.,  by  the  action  of 
potassic  sulphocyauide  on  ferric  salts,  as  a  means  of  determining  the 
extent  of  the  decomposition.  The  fact  was  demonstrated  that  if  a 
solution  of  potassic  sulphocyauide  be  mixed  with  a  solution  of  a  ferric 
salt,  the  quantity  of  sulphocyanogen  of  the  former  being  exactly 
equivalent  to  the  iron  of  the  latter,  the  whole  of  the  iron  was  not 
converted  into  ferric  sulphocyauide  ;  for  if  a  second  equivalent  of 
potassic  sulphocyauide  be  "added,  more  ferric  sulphocyauide  was  formed 
(proved  by  increased  depth  of  colour),  and  so  on  with  a  third  and  a 
fourth  equivalent,  up  to  375  equivalents  ;  although  the  effect  of  every 
addition  became  less  and  less.  Gladstone  concludes  that  mutual  inter- 
change takes  place  in  determinate  proportions,  independent  of  the  com- 
bination of  the  compounds,  but  dependent  on  the  mutual  strength  of 
their  affinities  and  on  the  proportions  (or  mass)  of  each  constituent 
present. 

The  effects  of  quantity  in  the  combinations  of  gases,  have  also  been 
investigated  by  Bunsen  and  Debus,  and  more  recently  by  Meyer  and 
by  Harcourt  and  Essen.  Mixtures  of  hydrogen,  oxygen,  and  carbonic 
oxide,  in  various  proportions,  the  hydrogen  and  carbonic  oxide  being 
always  in  excess,  were  fired,  and  the  relative  proportions  of  water  and 
carbonic  anhydride  formed  were  estimated.  These  were  found  to  be 
dependent  on  the  preponderance  of  the  carbonic  oxide,  in  accordance 
with  an  ascertained  law. 


6.  Mechanical  Force  may  modify  Chemical  Action. 

Pressure,  percussion,  friction,  agitation,  and  indeed  all  forms  of 
mechanical  action  influence  the  chemical  force,  both  disturbing  and 
favouring  its  manifestation.  A  solution  of  tartaric  acid  added  to  a 
solution  of  potassic  chloride  needs  to  be  well  stirred  in  order  to 
secure  the  complete  formation  of  the  potassic  tartrate.  This,  as  well 
as  numerous  other  cases,  where  the  stirring-rod  is  so  constantly  in 
requisition  in  the  laboratory,  illustrates  the  influence  of  mechanical 
action  on  affinity. 

On  the  other  hand,  mechanical  action  may  destroy  the  force.  For 
example,  a  touch  disturbs  the  equilibrium  of  the  particles  of  iodide  of 
nitrogen. 

7.  Contact  Decomposition.— Concurring  Attractions.— 
Ferments,— Catalysis. 

Certain  bodies  exert  on  other  bodies  by  mere  contact  {i.e.,  by  their 
presence)  a  power,  whereby  the  decomposition  of  the  hodj  is  effected, 
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and  new  compounds  are  formed.  The  substance  which  excites  this 
action  appears  neither  to  give  anything  to,  nor  to  take  anything  away 
from  the  compound  on  which  it  acts. 

Illustrations  of  contact  decomposition  may  be  noted  in  the  following 
cases  : — 

(1.)  Hydric  peroxide  (HoOg)  is  a  powerful  oxidising  agent.  If, 
however,  finely  divided  metallic  gold,  silver,  or  platinum  be  added  to 
the  liquid,  it  suffers  decomposition,  although  the  metal  itself  will 
undergo  no  change.  Further,  if  instead  of  employing  metallic  gold  or 
silver,  oxide  of  gold  or  oxide  of  silver  be  placed  in  the  liquid,  not  only 
will  the  hydric  peroxide  be  decomposed,  but  the  metallic  oxide  itself 
will  suffer  decomposition  and  the  metal  be  reduced. 

(2.)  Again,  potassic  chlorate  is  decomposed  at  698°  F.  (370°  C), 
liberating  oxygen.  If,  however,  the  potassic  chlorate  be  mixed  with 
mauganese  dioxide  or  with  cupric  oxide,  and  heated,  the  oxygen  will 
be  given  off  at  a  temperature  of  from  446°  to  500°  F.  (230°  to  360°  C), 
although  the  manganese  dioxide  apparently  undergoes  no  change. 
{See  Oxygen.) 

(3.)  If  air  and  hydrochloric  acid  be  passed  over  hot  bricks  im- 
pregnated with  cuprous  chloride  or  cupric  sulphate,  the  formation  of 
chlorine  from  the  decomposition  of  the  HCl  takes  place  far  more  com- 
pletely than  it  would  in  the  absence  of  the  copper  salt.  The  copper 
salt  apparently,  however,  undergoes  no  change  and  does  not  require 
renewal.    (See  Chlorine.) 

(4.)  Nitric  acid  converts  starch  into  oxalic  acid  (H2C2O4),  but  in 
the  presence  of  a  manganese  salt,  carbonic  anhydride  and  not  oxalic 
acid  is  formed. 

(0.)  Sugar,  under  the  influence  of  yeast,  breaks  up  into  alcohol  and 
carbonic  anhydride,  the  yeast  apparently  neither  giving  anything  to, 
nor  taking  anything  from,  the  sugar. 

(6.)  Starch  in  the  presence  of  diastase  is  converted  into  sugar,  an 
action  taking  place  in  every  germinating  seed. 

(7.)  Amygdaline  in  the  presence  of  synaptase  (an  albuminoid  prin- 
ciple present  in  the  pulp  of  the  seed)  breaks  up  into  hydrocyanic  acid, 
oil  of  bitter  almonds,  sugar,  and  formic  acid. 

These  last  three  illustrations  are  regarded  as  cases  of  fermentation. 
Although  the  bodies  capable  of  effecting  the  change  (ferments ;  appear 
m  no  way  to  contribute  to  the  new  products,  they  undergo  certain 
specific  changes  during  the  process. 

The  theories  to  account  for  these  phenomena  will  be  discussed 
under  fermentation.  Berzelius  imagined  them  due  to  a  new  force, 
which  he  termed  Catalysis.  Catalysis  means  fermentation,  and  the  ex- 
planation of  Berzelius  is  little  else  than  "  that  fermentation  is  fermen- 
tation." Liebig  suggested  that  the  motion  taking  place  in  the  atoms  of 
one  body  were  communicated  to  the  atoms  of  another  body,  sotting 
up  similar  changes,  just  as  one  body  on  fire  is  able  to  set  on  fire  other 


14 


HANDBOOK  OF  MODERN  CHEMISTRY. 


bodies.  Very  frequently,  however,  the  body  that  starts  the  fermenta- 
tion and  the  body  that  ferments  undergo  vastly  different  changes. 
In  such  cases  as  1,  2,  3  and  4  given  above  {"concurring  attractions"), 
the  catalytic  body,  as  it  has  been  called,  probably  plays  some  definite 
part  as  a  go-between.  In  Case  1,  Brodie  has  shown  that  there  is 
a  direct  relationship  between  the  quantity  of  metallic  oxide  reduced 
and  the  hydric  peroxide  decomposed,  and  he  supposed  that  particles 
of  the  same  element  may  attract  one  another  from  the  atoms  being 
in  different  electrical  states.  In  Case  2,  the  cupric  chloride  is  being 
constantly  formed  and  unformed,  the  apparently  continuous  action  being 
a  series  of  separate  reactions.  Liebig  considered  that  various  zymotic 
diseases  were  due  to  the  contact  of  germinal  matter  (acting  as  a  fer- 
ment) with  substances  in  the  blood  capable  of  undergoing  fermen- 
tation. The  materials  in  the  blood  capable  of  being  thus  split  up 
having  been  exhausted,  the  disease  could  not,  he  explained,  recur. 

It  is  worth  noting  that  bodies  formed  with  absorption  of  heat,  are 
peculiarly  sensitive  to  the  action  of  catalytic  agents. 


8.  Influence  of  Heat  and  Cold  on  Affinity. — Thermo- 
chemistry. 

The  chemical  force  acts  only  within  a  given  range  of  temperature, 
the  limits  of  action  varying  with  different  bodies.  A  red-hot  glass 
rod,  e.g.,  will  effect  the  combination  of  oxygen  and  hydrogen,  whilst, 
as  Grove  has  shown,  a  white  heat  is  necessary  to  decompose  the 
water-gas  formed  into  oxygen  and  hydrogen  {Phil.  Trans.,  1847). 
Mercury,  which  is  unacted  upon  by  oxygen  at  common  temperatures, 
foi-ms  mercuric  oxide  (HgO)  at  698°  F.  (370°  C),  whilst  mercuric 
oxide  at  a  still  higher  temperature  is  again  resolved  into  mercury  and 
oxygen.  Baric  oxide  (BaO)  at  a  red  heat  becomes  baric  peroxide 
(BaOg),  whilst  at  a  white  heat  the  baric  peroxide  is  resolved  into 
oxygen  and  baric  oxide  (BaO).  Possibly  the  range  of  temperature 
withm  which  bodies  can  act  is  a  limited  one,  but,  at  any  rate,  it  is 
evident  that  in  many  cases  a  high  temperature  will  undo  the  work 
effected  at  a  lower  temperature. 

(a.)  Beat  may  promote  affinity. —It  ^oes  so  by  overcoming  the  force 
of  cohesion.  Thus  the  cold  produced  by  a  bath  of  ether  and  soUd 
carbonic  anhydride  (-104-8°  F.,  or  -76°  C.)  prevents  the  combina- 
tion of  lodme  and  phosphorus,  or  of  chlorine  and  finely-powdered 
antimony,  but  these  bodies  severally  combine  on  being  again  exposed 
to  ordinary  temperature.  At  common  temperatures,  again,  sulphur 
will  not  combine  with  carbon,  whilst  at  500°  F.  (260°  C.)  their  union 
may  be  easily  effected. 

(/3.)  Heat  may  destroy  affinity. —It  does  so  by  effecting  a  separation 
of,  and  giving  greater  mobility  to,  the  ultimate  particles  of  the  body. 
Probably,  mdeed,  all  substances  might  be  decomposed  if  we  could 
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iipplj  sufficient  heat.  At  a  red  heat,  H4  is  decomposed  into  carbon 
and  CH4,  whilst  at  a  higher  temperature  CH4  is  further  decomposed 
into  hydrogen  and  carbon.  Again,  if  steam  and  carbonic  anhy- 
dride be  passed  through  a  red-hot  porcelain  tube,  the  gases  left 
after  the  un-decomposed  carbonic  anhydride  has  been  absorbed  by 
potash  will  be  found  to  be  an  explosive  mixture  of  oxygen, 
hydrogen,  and  carbonic  oxide,  the  hydrogen  of  the  steam  at  the 
moment  of  its  liberation  from  the  oxygen,  reducing  a  portion  of  the 
carbonic  anhydride.  Even  the  partial  reduction  of  unmixed  car- 
bonic anhydride  alone  into  carbonic  oxide  and  oxygen  may  be 
effected  by  passing  it  through  a  porcelain  tube  heated  to  2372°  F, 
(1300°  C).  Again,  carbonic  oxide  may  be  partially  resolved  into 
carbon  and  carbonic  anhydride  by  passing  it  through  a  heated  porce- 
lain tube,  in  the  axis  of  which  is  placed  a  small  and  hollow  brass  tube 
(kept  cool  by  a  constant  current  of  water  within),  upon  which  the 
carbon  may  be  deposited.  In  a  similar  manner  sulphurous  anhydride 
may  be  partially  resolved  into  sulphuric  anhydride  and  sulphur.  And 
the  fact  must  be  noted,  that  an  absorption  of  heat  corresponding  to 
the  force  required  to  overcome  the  chemical  attraction  of  the  elements 
always  occurs. 

To  the  partial  decomposition  of  bodies  at  a  high  temperature  Deville 
has  given  the  name  "  dissociation"  Examples  in  the  case  of  NH4CI, 
PCI5,  and  (NH3)jC02  are  mentioned  under  "Abnormal  vapour  densi- 
ties."   (Page  45.) 

In  dissociation,  as  distinct  from  ordinary  decomposition,  the  pi'oducts 
have  a  tendency  to  recombine  and  form  the  original  compound. 
Further,  the  volatile  dissociated  products  have  a  tension,  i.e.,  a  pressure, 
constant  for  each  temperature,  and  dependent  on  temperature  only. 

(y.)  Meat  modifies  chemical  action. — In  other  words,  the  nature  of  the 
products  may  be  influenced  by  the  temperature.  Thus,  carbonic 
anhydride  and  water  are  formed  by  the  combustion  of  ether  in  air,  and 
carbonic  anhydride  and  nitrogen  by  the  combustion  of  cyanogen.  But 
if  a  platinum  wire  be  allowed  to  glow  in  a  mixture  of  air  and  ether, 
aldehyde  and  acetic  acid  will  be  formed,  whilst  if  the  glowing 
platinum  wire  be  placed  in  a  mixture  of  cyanogen  and  oxygen,  nitric 
oxide,  and  not  nitrogen,  will  be  produced. 

A  depression  of  temperature  commonly  diminishes  chemical  action. 
Dewar  has  shown  that  there  is  no  action  between  potassium  and  hquid 
oxygen,  whilst  frozen  zinc  ethyl  does  not  ignite  in  liquid  oxygen. 
Neither  phosphorus  nor  antimony  fire  in  chlorine  when  both  are  cooled 
to  —105°  F.  (— 76-1  C).  Similarly  cold  prevents  the  action  of 
alcohol  on  chlorochromic  acid,  of  ammonia  on  chlorine,  of  iodine  on 
phosphorus,  &c. 
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Thermo-Chemistry. 

Every  chemical  act,  then,  is  accompanied  by  the  development  or  the 
absorption  of  heat.  The  heat  developed  in  any  chemical  action  is  the 
exact  measure  of  the  chemical  action,  provided  that  at  the  same  time 
there  be  no  manifestation  of  any  other  force  such  as  electricity,  light, 
alteration  of  physical  state  {e.g.,  fluidity),  etc. 

To  Thomsen  of  Copenhagen,  Favre,  Berthelot,  and  others,  we  are 
indebted  for  many  researches  on  thermal  equivalents.  These  determi- 
nations have  been  made  either — 

(1.)  From  the  heat  developed  by  combining  bodies;  or 

(2.)  From  the  heat  absorbed  in  decomposing  them. 

The  heat  absorbed  by  decomposing  a  substance  into  its  original 
constituents,  is  equivalent  to  the  heat  developed  on  combining  them. 

I.  The  heat  developed  hy  combining  bodies.— Oi  this  a  simple  case  may 
be  cited :  Hydrogen,  chlorine,  and  the  product  of  their  combination 
(hydrochloric  acid)  are  gases,  i.e.,  both  elements  and  product  are  in  the 
same  physical  state.  A  platinum  vessel  filled  with  hydrogen,  is  im- 
mersed in  a  calorimeter  ;  a  chlorine  jet  is  burnt  in  the  hydrogen,  and 
the  HCl  formed  conveyed  through  the  water  of  the  calorimeter.  The 
experiment  finished,  the  amount  of  HCl  is  estimated,  and  the  increased 
temperature  of  the  water  noted.  Thomsen,  by  this  means,  estimated 
the  heat  developed  in  the  formation  of  a  molecule  of  HCl  (36-5  grams) 
as  22,000  thermal  units. 

We  need  scarcely  point  out  that  numerous  experimental  details  have 
to  be  observed  to  ensure  accuracy,  e.g.,  that  the  gases  should  have 
the  same  temperature  as  the  water  in  the  calorimeter  ;  that  the  heat- 
capacity  of  the  whole  apparatus  should  be  known,  etc. 

Supposing  the  same  experiment  be  made  with  oxygen  and  hydro- 
gen, we  should  find  that  68,357  thermal  units  were  developed  for 
each  molecule  (18  grams)  of  HoO  formed.  But  here  a  new  difiiculty 
arises,  viz.,  that  the  aqueous  vapour  has  been  liquefied  ;— in  other  words, 
that  the  product  is  not  in  the  same  physical  state  as  the  elements 
from  which  it  was  formed.  Hence  the  heat  developed  results  from 
the  combination  of  Hg  and  0,  modified  by  the  change  of  state. 

Again,  it  will  be  manifest  that  great  difiiculties  beset  researches 
on  the  thermic  results  of  the  union  of  carbon  and  hydrogen,  because  we 
know  nothing  for  certain  either  of  the  latent  heat  of  carbon  vapour, 
or  of  the  exact  difEerences  of  heat  developed  by  the  several  allo- 
tropic  forms  of  carbon.  As  regards  the  latent  heat  of  carbon  vapour, 
experiments  indicate  the  necessity  for  an  expenditure  of  a  large 
amount  of  force  (by  one  calculation  of  67,840  units)  to  convert  it 
from  a  passive  into  an  active  form  capable  of  chemical  union,  whilst 
with  respect  to  the  different  allotropes,  it  has  been  shown  that  whilst 
wood  charcoal  in  passing  into  CO.  develops  96,960  thermal  units, 
graphite  only  develops  93,600. 
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II.  The  heat  absorbed  by  decomposing  bodies.  —  The  alternative 
naturally  occurred  : — Supposing  it  be  not  possilole  to  estimate  the  heat 
developed  in  forming  a  body,  can  the  heat  absorbed  by  its  decom- 
position be  determined  ? 

This  has  been  done  in  certain  instances,  as,  e.g.,  in  the  case  of 
ammonia.  When  chlorine  is  passed  into  a  dilute  solution  of  ammonia 
(using  a  slight  excess)  ammonic  chloride  is  formed,  and  nitrogen  set 
free  (4NH3  +  3C1  =  3NH4CI  +  N).  Here  one  molecule  of  NH3  is 
decomposed  by  3  atoms  of  CI.  The  calorimeter  shows  that  119,613 
thermal  units  are  rendered  sensible  by  the  reaction  of  3  atoms  of 
chlorine  (=  106-5  grams)  on  4  molecules  of  ammonia  (  =  68  grams) 
in  the  presence  of  ivater. 

Numerous  experiments  to  supply  accurate  data  for  correction  were 
demanded  in  this  experiment.  Thus,  it  was  necessary  to  know,  (1)  the 
heat  developed  by  the  union  of  chlorine  and  hydrogen  in  the  presence 
of  water  (=  39,315  units)  ;  (2)  the  heat  developed  by  the  union  of 
ammonia  and  hydrochloric  acid  in  the  presence  of  water  (=  12,270 
units)  ;  (3)  the  heat  absorbed  by  the  decomposition  of  the  ammonia  ; 
and  (4)  the  heat  of  the  absorption  of  ammonia  by  water.  Corrections 
being  made  for  these,  the  thermal  equivalent  corresponding  to  the  for- 
mation of  an  ammonia  molecule  (=17  grams)  was  found  to  be  26,707 
thermal  units. 

The  quantity  of  heat  liberated  in  any  reaction  is  a  measure  of  the 
sum  of  the  chemical  and  physical  work  performed.  This  follows 
naturally  on  the  well-known  law  of  the  conservation  of  energy.  But 
Berthelot  has  enunciated  a  further  law,  known  as  the  "  law  of  maxi- 
mum work,''  which  declares  that  every  chemical  change  accomplished 
without  the  intervention  of  foreign  energy  tends  to  the  production  of 
that  body  in  the  formation  of  which  most  heat  is  liberated.  Thus, 
whilst  hydrogen  in  combining  with  oxygen  to  form  water  (HgO)  yields 
69,000  thermal  units,  it  yields  in  combining  with  oxygen  to  form 
peroxide  of  hydrogen  (HoOs)  only  47,000  units.  Hence  given  oxygen 
and  hydrogen,  water,  and  not  peroxide  of  hydrogen,  should  be  formed, 
whilst  peroxide  of  hycbogen  (which  if  formed  from  water  must  be  by 
the  mtervention  of  some  foreign  energy,  and  the  action  be  accompanied 
Dy  the  absorption  of  heat)  should  have  a  tendency  to  split  up  into  water 
and  oxygen.  Similarly,  N2O4  (34,000),  rather  than  N^O,,  (20,000), 
should  be  formed  when  NjO  is  acted  upon  by  an  excess  of  oxygen. 

Hence,  if  the  question  be  asked.  Will  oxygen,  in  combining  with 
any  given  body,  form  a  high  or  a  low  oxide  ?  the  answer  is,  It  will  be 
that  oxide  in  the  formation  of  which  the  greatest  liberation  of  heat 
occurs. 

Important  results  turn  on  the  question  whether  absorption  or 
liberation  of  heat  has  occurred  in  the  formation  of  a  compound.  Given 
a  compound  formed  directly,  the  formative  action  being  accompanied 
by  the  liberation  of  heat,  spontaneous  decomposition  of  that  body  is 
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not  to  be  expected,  some  external  power,  such  as  electricity  or  heat, 
being  needed  to  effect  the  change.  But  given  a  body  where  heat  is 
absorbed  during  formation,  then  either  spontaneous  decomposition  (as 
in  the  case  of  chloride  of  nitrogen),  or  readiness  to  enter  into  direct 
combination,  or  some  other  change  accompanied  by  the  liberation  of 
heat,  will  be  its  probable  characteristic. 

And  this  same  law  of  maximum  work  finds  further  confirmation  in 
the  case  of  substitution  and  of  double  decomposition.  Thus  chlorine 
decomposes  bromides,  and  bromine  decomposes  iodides,  because 
chlorine  in  combining  with  metals  liberates  more  heat  than  bromine, 
aud  bromine  more  heat  than  iodine.  Or  one  acid  expels  another  from 
its  salts  when  more  heat  is  liberated  by  the  union  of  the  new  acid  with 
the  same  base,  than  tbe  acid  already  in  contact  with  it.  But  in  all 
these  cases  there  are  many  circumstances  that  may  reverse  the  result, 
of  which  the  chief  is  the  alteration  of  physical  state,  and  of  the  exer- 
tion by  the  medium  of  solution  of  any  special  solvent  power  on  the 
product.  Further,  the  law  of  maximum  work  does  not  hold  good 
(indeed  most  often,  as  Thomson  has  shown,  the  reverse  is  true)  in  the 
case  of  the  neutralisation  of  acids  and  bases,  the  heat  of  neutralisation 
being  independent  of  afiinity,  and  dependent  on  the  changes  (expansion 
or  contraction)  that  occur  in  the  aggregation  of  the  solution. 

9.  Influence  op  Light  on  Affinity. 

Light  both  promotes  and  destroys  chemical  action  : — 
(a.)  Light  promotes  chemical  action. — Thus,  chlorine  and  hydrogen 
will  not  unite  in  the  dark,  but  in  direct  sunlight  they  combine  with 
explosion.    Chlorine  and  carbonic  oxide  under  the  influence  of  light 
combine  to  form  phosgene  (light-formed)  gas, 

(/3.)  Light  destroys  chemical  compounds. — Photography  depends  on 
the  power  of  light  to  decompose  silver  compounds.  Sunlight  again 
decomposes  nitric  acid,  oxygen  being  evolved,  whilst  the  nitrous  acid 
formed  communicates  a  yellow  tint  to  the  acid. 

10.    Influence  op  Electricity  on  Chemical  Action 

(Electrolysis). 

Electricity  promotes  and  destroys  chemical  combination.  Davy  de- 
composed the  alkalies  by  electricity,  and  by  this  means  obtained 
the  alkaline  metals. 

The  decomposition  of  bodies  by  the  electric  current  is  termed 
electrolysis.  It  is  not  to  be  confounded  with  decomposition  resulting 
from  the  passage  of  the  electric  spark,  the  action  of  which  in  such 
case  is  solely  its  heating  property.  The  body  electrolysed  is  called  an 
electrolyte.  The  terminals  of  the  battery  used  for  the  decomposition 
of  the  electrolyte  (which  are  usually  constructed  of  platinum,  but  may 
be  of  othei:  material)  are  called  electrodes. 
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To  constitute  a  body  an  electrolyte,  three  conditions  are  neces- 
sary : — 

(1.)  It  must  be  a  compound  body, 

(2.)  It  must  be  a  liquid  {i.e.,  either  capable  of  being  fused  or  of 
being  dissolved). 

(3.)  It  must,  when  in  the  liquid  condition,  be  a  conductor  of  the 
electric  current. 

Tbe  electric  current  being  passed  through  the  electrolyte,  it  is  to  be 
noted  : — 

(1.)  That  the  compound  body  is  broken  up  into  two  constituents 
(ions). 

(2.)  That  these  constituents  are  set  free  on  the  opposing  surfaces  of 
the  two  electrodes,  and  not  in  the  intervening  liquid. 

(3.)  That  a  certain  class  of  bodies,  called  electro-negatives,  uni- 
formly appear  at  the  positive  electrode,  i.e.,  the  pole  attached  to  the 
platinum  or  carbon  of  the  battery  (e.ff.,  oxygen,  chlorine,  bromine, 
iodine,  acids,  etc.),  whilst  another  class,  called  electro-positives,  as 
uniformly  appear  on  the  negative  electrode,  i.e.,  the  pole  connected 
with  the  zinc  of  the  battery  (e.g.,  hydrogen  and  the  metals). 

Two  important  facts  must  be  noted  with  reference  to  the  quantity  of 
electricity  in  relation  to  the  work  done  : — 

_  (1.)  The  quantity  of  electricity  passing  through  an  electrolyte  is 
directly  proportional  to  the  quantity  of  the  electrolyte  decomposed. 

(2.)  The  quantity  of  electricity  required  to  decompose  a  compound 
molecule,  is  that  quantity  the  compound  molecule  evolves  when  formed 
in  the  generating  cell  of  the  battery. 

The  question  now  arises.  What  is  this  quantity  ? 

This  was  the  subject  of  Faraday's  early  researches,  and,  as  the  result, 
he  enunciated  the  law  of  electro-chemical  equivalents,  which  may  be 
expressed  as  follows  .—The  quantities  of  the  several  elements  elimin- 
ated from  various  electrolytes  by  similar  amounts  of  electrical  current 
are  chemically  equivalent.  Thus,  for  every  1  by  weight  of  hydrogen 
set  free  by  x  quantity  of  electricity,  8  by  weight  of  oxygen  and  35-5 
of  chlorine  are  set  free  by  the  same  x  quantity.  To  Faraday  these 
numbers  were  the  eqtdvalents  of  the  elements.  By  equivalents  he 
implied,  not  the  atomic  weights  (as  the  later  chemists  assumed)  but, 
the  relative  weights  of  the  elements  (hydrogen  being  taken  as  unity) 
eliminated  by  electrolysis. 

Modern  chemists  have  added  somewhat  to  these  researches,  although 
It  must  be  admitted  much  depends  on  altered  phraseology.  All 
decomposable  compound  molecules  of  the  same  active  atomicity 
require  the  same  amount  of  electricity  to  decompose  them.  Thus 
the  molecular  weight  of  hydrochloric  acid  (HCl)  is  36-5,  and  of 
argentic  chloride  (AgCl)  143-5.  In  both  the  active  atomicity  of  the 
electro-positive  element  is  1.  The  amount  of  electricity  that  would 
decompose  36-5  grains  of  HCl  would  decompose  143-5  grains  of  AgCl. 

c  2 
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But  in  cupric  chloride  (Cu"  Cl2= 134-2)  the  copper  is  combined  with 
two  of  chlorine,  and  is  of  dyad  atomicity.  The  amount  of  electricity 
that  would  decompose  143-5  grains  of  chloride  of  silver  would  decompose 

^^^'^  z=  67-1  grains  of  chloride  of  copper. 
2 

Or,  supposing  the  chlorides  of  silver  and  copper  be  mixed  together 
in  a  single  solution  and  electrolysed,  by  the  time  that  143-5  grains  of 
chloride  of  silver  were  decomposed,  67-1  grains  only  of  chloride  of 
copper  would  be  decomposed. 

In  other  words,  the  quantity  of  metal  deposited  from  compounds  by 
a  given  quantity  of  electricity  may  be  relatively  determined  by  dividing 
the  atomic  proportion  of  the  metal  in  the  compound  by  its  active 
atomicity.  Thus,  taking  Cu"Cl2  and  Cu'oClg,  the  quantity  of  electricity 
that  would  deposit  31-6  grains  of  copper  from  the  CuCL  would 
deposit  63-2  grains  from  the  CugClg. 

By  the  term  "  secondary  action  "  is  implied  the  chemical  action  of  the 
primary  products  of  decomposition,  either  (1)  on  the  electrode,  or  (2) 
on  the  electrolyte,  or  (3)  on  the  solvent  employed.    Thus — 

(1 .)  If  you  electrolyse  acidulated  water  with  copper  electrodes,  the 
acid  set  free  at  the  positive  electrode  would  combine  and  form  sul- 
phate of  copper  with  the  copper  of  the  electrode. 

(2.)  If  you  electrolyse  a  solution  of  chloride  of  sodium,  you  get 
(not  chlorine  and  sodium,  but)  chlorine  and  hydrogen  set  free,  because 
the  sodium  primarily  formed,  decomposes  the  water  (forming  NaHO), 
hydrogen  being  thereby  liberated. 

The  secondary,  or  storage  battery  consists  of  two  lead  plates 
coated  with  lead  sulphate  and  immersed  in  dilute  sulphuric  acid. 

On  passing  an  electric  current  through  them,  the  positive  plate 
becomes  coated  with  PbOg  (from  the  action  of  nascent  oxygen  on  the 
sulphate),  whilst  the  negative  plate  becomes  coated  with  spongy 
metallic  lead  (from  the  action  of  nascent  hydrogen  on  the  sulphate). 
In  this  condition,  and  so  long  as  the  plates  are  kept  separate,  the 
energy  remains  stored.  Connect  the  plates,  a  powerful  current  flows 
from  the  positive  to  the  negative  plate,  both  returning  to  their  original 
condition,  ready  to  be  recharged  by  a  primary  electric  current. 


11.  Influence  op  Vital  Force  on  Chemical  Action. 

This  influence  is  manifest  in  every  living  organism,  from  the  pro- 
duction of  a  simple  cell  to  the  highest  manifestations  of  life.  Elements 
are  re-arrauged  under  the  influence  of  life  to  form  the  constituents  of 
the  organism,  and  out  of  a  single  fluid  all  the  elements  of  growth  and 
nutrition  are  elaborated,  whilst  the  various  secretions  (mucus,  bile, 
urine,  milk,  etc.),  have  their  compositions  determined  by  the  agency  of 
the  vital  force. 
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Thus  it  would  seem  that  all  forms  of  force  influence  affinity.  The 
influence  depends  on  their  power  respectively  either  to  draw  particles 
nearer  together,  thus  promoting  affinity,  or  to  separate  them,  thus 
retarding  or  preventing  it. 

IV.— Degree,  Force,  or  Energy  of  Affinity. 

There  is  great  inequality  in  the  action  of  affinity.  The  absence 
of  energy  between  oxygen  and  fluorine,  and  the  intensity  of  energy 
between  oxygen  and  potassium,  is  an  illustration.  The  more  opposite 
the  bodies  on  which  affinity  is  brought  to  bear,  the  more  intense  is 
its  energy. 

Can  Ave  estimate,  then,  the  amount  of  affinity  between  dilferent 
bodies  ?  The  attempts  to  express  the  amount  of  chemical  action 
numerically,  forms  an  interesting  chapter  in  the  history  of  chemistry. 

1.  Affinitt  Measured  bt  Reference  to  the  Specific  G-ravitt 
OP  Bodies  (Laplace  and  others). 

The  following  table  is  from  Laplace  : — 

Acetic  acid  (Sp.  Gr.  1-063)  poured  on  carbonates  displaces  carbonic  acid. 

Hydrochloric  acid  (Sp.  Gr.  1-247)       „  acetates  ,,  acetic  acid. 

Mtric  acid  (Sp.  Gr.  1-421)       . .       .,  chlorides  „  hydrochloric  acid. 

Sulphuric  acid  (Sp.  Gr.  1-60)   ..       ,,  nitrates  ,,  nitric  acid. 

Laplace  argued  that  the  greater  the  specific  gravity  of  the  acid,  the 
more  intense  was  its  chemical  action.  But  it  was  shown  that  in  the 
case  of  other  bodies  their  energy  of  action  is  almost  in  an  inverse 
order  to  their  specific  gravity.    Thus — 

Baryta    .         ...  5*4:56 

Magnesia    3-60 

Lime     3-180 

Potash    2-20 

Soda  ...    2-13 

Ammonia  solution   0*90 

It  is  manifest  that  specific  gravity  afEords  no  test  either  of  the  absolute 
or  relative  power  of  the  chemical  force. 


2.  Affinity  Measured  by  the  Force  op  Adhesion 
(Guyton  Morveau). 

Guyton  Morveau,  who  first  suggested  adhesion  as  a  test  of  the 
energy  of  affinity,  acted  under  the  impression  that  adhesion  was  the 
first  stage  of  affinity.  He  employed  equal-sized  discs  of  different  metals 
suspended  from  one  end  of  a  scale  beam,  and  estimated  the  weight 
necessary  to  separate  them  respectively  from  a  layer  of  mercury. 
These  weights  he  regarded  as  the  measure  of  their  affinity. 
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Affinity  Measured  by  Adhesion  (Guyton  Morveauj. 
Gold  adheres  to  Mercury  -with  a  force  of  446  gi-ains. 


Silver       , , 

)> 

„  429 

)> 

Tin 

)> 

„  418 

)  > 

Lead 

>> 

„  397 

>) 

Bismutli  ,, 

372 

>j 

Platinum  ,, 

)> 

„  282 

>» 

Zinc  ,, 

>i 

„  204 

>) 

Copper     , , 

>> 

142 

)  > 

Antiraony  „ 

>» 

„  126 

»> 

Iron  ,, 

>> 

115 

Cobalt 

>> 

„  8 

Achard  followed  out  tlie  same  principle  in  greater  detail,  by  using 
other  solids  and  fluids.  Gay  Lussac  estimated  the  force  required  to 
separate  a  circular  glass  disc  (4"6  in.  diameter)  from  the  following 
fluids,  and  founds  it  as  follows  : — 

From  water    ...  (Sp.  Gr.  I'OOO)— 814-7  grains. 
„    turpentine  (Sp.  Gr.  0-869)— 523-6 
„    alcohol  ...  (Sp.  Gr.  0-819)— 474-4 

But  there  were  manifest  objections  to  these  as  tests  of  affinity  : — 

(1.)  It  was  not  a  measure  of  affinity  at  all,  but  of  adhesion. 

(2.)  It  was  more  often  a  measure  of  cohesion  than  of  adhesion,  a 

layer  of  mercury  being  separated  from  mercury,   or  water  from 

water,  etc. 

(3.)  The  results  obtained  as  the  energy  of  adhesion  were  often 
found  to  be  exactly  opposite  to  the  energy  of  affinity. 

3.  Affinity  Measured  by  the  Amount  of  Force  required  to 
effect  the  Decomposition  of  a  Compound. 

(a.)  This  decomposition  may  be  effected  by  the  agency  of  heat  (Fourcroy, 
Lavoisier,  etc.). — A  very  slight  heat,  for  example,  is  sufficient  to 
destroy  the  combination  of  oxygen  with  certain  metals,  such  as  gold 
or  silver,  whilst  no  heat  wiU  effect  the  decomposition  of  certain  other 
metallic  oxides.  Thus  it  is  evident  that  the  force  between  oxygen 
and  calcium,  for  example,  is  very  much  greater  than  that  between 
oxygen  and  gold. 

An  attempt  was  made  in  certain  cases  to  express  this  amount  in 
figures,  e.g.,  in  the  case  of  the  sulphides,  by  noting  the  temperature  at 
Avhich  they  were  decomposed,  and  deducting  therefrom  the  temperature 
at  which  sulphur  itself  is  volatile.  Thus,  sulphur  volatilises  at  836°  F., 
whilst  sulphide  of  iron  (FeSg)  is  decomposed  at  1500°  F.  Therefore, 
1500  —  836  =  664,  the  amount  of  the  force  between  sulphur  and  iron. 
Sulphide  of  gold  (AuoSg)  is  decomposed  at  842°  F.  ;  842  —  836  =  6. 
Therefore,  supposing  the  power  of  affinity  holding  the  sulphur  to  the 
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gold  to  be  6,  in  the  case  of  iron  it  was  regarded  as  664  ;  in  other  words, 
that  the  affinity  between  sulphur  and  iron  was  about  111  times  greater 
than  between  siilphur  and  gold. 

The  principle  of  the  conservation  of  energy  clearly  indicates,  how- 
ever, that  given  the  absence  of  manifestation  of  any  other  force — e.g., 
light,  electricity,  change  of  physical  condition,  etc. — the  heat  developed 
during  the  chemical  act  must  be  the  true  measure  of  the  chemical 
action.  Physical  complications,  however,  have  seriously  interfered 
with  accurate  determinations.    {See  Thermo-Chemistry,  page  16.) 

()S.)  The  decomposition  may  he  effected  by  the  agency  of  a  superior 
affinity. — Mayow  in  1674,  GeofEi-y  in  1718,  and  Bergman  in  1775, 
attempted  to  estimate  the  force  by  what  they  called  single  elective 
affinity;  that  is,  where  one  substance  takes  away  another  to  the  exclu- 
sion of  a  third.  Thus,  ammonia  displaces  magnesia  from  magnesic 
sulphate  ;  soda,  ammonia  from  ammonic  sulphate  ;  potash,  soda  from 
sodie  sulphate  ;  strontia,  potash  from  potassic  sulphate  ;  and  baryta, 
strontia  from  strontic  sulphate.  These  experiments  led  Geoffry  to 
invent  tables  of  attraction,  as  they  were  called,  of  which  the  following 
is  an  illustration  : — 


Sulphuric  Acid 

Baryta. 

Strontia. 

Potash. 

Soda. 

Lime. 

Ammonia. 

Magnesia. 


Table  op  Attraction  (Geoffry). 

Fotash. 


Sulphm-ic  acid. 
Nitric  acid. 
Muriatic  acid. 
Acetic  acid. 
Carbonic  acid. 


These  views  held  their  ground  until  1803,  when  Berthollet  pointed 
out,  as  the  result  of  a  more  rigid  analysis  of  the  question,  the  error 
mto  which  Geoffry  and  Bergman  had  fallen,  in  overlooking  the 
modifying  effects  of  cohesion  and  elasticity.  Further,  he  showed  that 
Bergman's  tables  were  simply  tables  of  the  order  of  decomposition, 
and  not  tables  of  the  attractive  force.  Berthollet,  however,  fell  into 
the  opposite  error  of  denying  the  existence  of  a  superior  attractive 
force  in  any  sense,  and  of  supposing  that  decompositions  were  always 
determined  by  cohesion  and  elasticity. 

We  should  note,  however,  that  Bergman  was  clearly  aware  of  some 
influence  other  than  affinity,  affecting  chemical  results.  This  is  shown 
by  the  fact,  that  in  many  cases  he  compiled  two  sets  of  tables,  setting 
forth  the  different  effects  resulting  from  the  combination  of  bodies  by 
solution  and  by  fusion  respectively. 

Guyton  Morveau,  seeing  that  no  dependence  could  be  placed  on  the 
measure  of  chemical  action,  as  deduced  from  Geoffry  and  Bergman's 
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tables  of  "  single  elective  affinity"  attempted  to  estimate  the  force  by 
"  double  elective  affinity,^'  that  is,  where  fom*  elements  are  employed  in 
the  decomposition,  the  two  of  the  one  compound  reciprocally  acting 
on  the  two  of  the  other.  Bat  still  the  same  modifying  influences 
were  at  work,  and  we  may  conclude  with  Berthollet  that,  whilst  the 
tables  of  affinity  give  us  good  ideas  of  the  orcjer  of  decomposition, 
they  are  not,  owing  to  the  influence  exerted  by  cohesion  and 
elasticity,  indications  of  the  relative  force  of  affinity. 

4.  Affinity  measured  by  the  Time  op  Combination. 

It  was  suggested  by  Wenzel  that  the  time  required  for  solution 
might  serve  as  a  measure  of  affinity. 

Thus  he  immersed  known  weights  of  different  metals  in  a  weak  acid, 
and,  at  the  end  of  a  given  time,  estimated  the  quantity  of  the  several 
metals  dissolved.  These  quantities  he  supposed  corresponded  to  the 
ratio  of  their  affinities  for  the  liquid  in  which  they  were  placed. 

Again,  it  will  be  noted  that  the  energy  of  combination  will  be 
largely  dependent  upon  the  cohesion  of  the  body,  the  temperature  of 
the  liquid,  and  other  circumstances. 

5.  Affinity  measured  by  Combining  Proportions, 

When  Kirwan  was  engaged  in  his  inquiries  on  the  composition  of 
salts,  be  remarked  that  each  salt  possessed  a  different  percentage 
amount  of  acid  and  base,  and  he  supposed  that  these  might  serve  as  a 
means  of  estimating  the  force  of  affinity.  Tables  were  drawn  up  by 
Kirwan  as  follows  : — 


Table  No.  1. 


100  Grains. 

Potash. 

Soda. 

Lime. 

Ammonia. 

Magnesia. 

Alumina. 

Sulphuric  acid 

215 

165 

110 

90 

80 

75 

Nitric  acid   . . 

215 

165 

96 

87 

75 

65 

Muriatic  acid 

215 

158 

89 

79 

71 

65 

Table  No.  2. 


100  Grains. 

Sulphuric  acid. 

Nitric  acid. 

Muriatic  acid. 

46-5 

46-5 

46-5 

60-9 

60-9 

63-4 

91-0 

104-1 

112-0 

111-1 

115-0 

126-5 

125-0 

133-3 

141-0 

133-3 

153-6 

181-8 
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Kinvan  thus  arrived  at  two  general  laws  : — 

(1.)  That  the  quantity  of  any  base  required  to  saturate  a  given  quantity 
of  any  acid,  xoas  directly  as  the  affinities. — Thus,  potash  had  more 
affinity  for  sulphuric  acid  than  soda,  soda  than  lime,  lime  than  am- 
monia, and  so  on. 

(2.)  The  qxMntity  of  any  acid  required  to  saturate  any  given  quantity 
of  a  base,  was  inversely  as  the  affinities. — Thus,  sulphuric  acid  had  more 
affinity  for  potash  than  it  had  for  soda,  nitric  acid  less  affinity  than  sul- 
phuric acid  for  lime,  hydrochloric  acid  less  than  nitric  acid,  and  so  on. 
Bergman,  arguing  on  the  same  facts,  expressed  the  law  of  affinity 
differently  :  "  The  force  of  affinity,  whether  of  acid  or  base,  is  in  the  ratio 
of  the  quantities  required  to  saturate."  But  it  was  manifest  that  this  was 
not  so,  for  the  first  table  would  show  lime,  for  example,  to  have  more 
affinity  for  sulphuric  acid  than  for  nitric  acid,  whilst  the  second  table 
would  indicate  exactly  the  reverse. 

Berthollet  again,  expressed  what  he  deemed  the  law  of  affinity  from 
the  same  facts  as  follows  ;  ''The force  of  affinity  is  inversely  as  the 
quantities  required  to  saturate." 

Again,  as  Sir  H.  Davy  showed,  Berthollet's  law  involved  a  contra- 
diction, inasmuch  as  the  action  between  the  constituents  of  a  compound 
must  be  mutual.  "Sulphuric  acid,"  writes  Sir  H.  Davy,  "has  as 
much  attraction  for  baryta  as  baryta  for  sulphuric  acid.  Now  baryta 
is  the  alkaline  earth  of  which  the  largest  amount  is  required  to  saturate 
sulphuric  acid,  therefore  on  Berthollet's  views,  it  has  the  iveaJcest  affinity 
for  that  acid.  But  less  sulphuric  acid  saturates  baryta  than  any  other 
earthy  or  alkaline  body,  therefore,  according  to  Berthollet,  sulphuric 
acid  has  a  stronger  affinity  for  baryta  than  for  any  other  substance, 
which  is  contradictory." 

Again,  experiment  proves  Berthollet's  law  fallacious.  From  his 
tables,  such  as  the  following,  it  would  seem  that  ammonia  had  a 
greater  affinity  than  baryta  for  sulphuric  acid,  and  carbonic  acid  a 
greater  affinity  than  sulphuric  acid  for  baryta,  which  we  know  not  to 
be  the  case  : — 


77  parts  of  Baryta  require  for 
neutralisation 


165  Iodic  acid. 

118  Bromic  acid. 

76  Chloric  acid. 

64  Nitric  acid. 

49  Siilphuric  acid. 

37  Muriatic  acid. 

36  Oxalic  acid. 

22  Carbonic  acid. 


40  parts  of  Sulphuric  acid  require 
for  neutralisation 


292  Morphia. 
162  Quinine. 

77  Baryta. 

52  Strontia. 

48  Potash. 

32  Soda. 

28  Lime. 

20  Magnesia. 

17  Ammonia. 
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Berthollet,  however,  was  fully  aware  of  the  contradictory  results, 
but  explained  them  by  the  modifying  effects  of  cohesion  and  elasticity. 

It  is  certain,  however,  that  combining  proportions  and  power  of 
saturation,  are  in  no  respect  measures  of  relative  affinity. 

6.  Affinity  Measured  by  the  Electrical  Condition. 

Becquerel  was  one  of  the  first  to  point  out  that  if  a  current  of  elec- 
tricity of  known  activity  be  passed  through  a  mixed  solution  of  the 
metals,  it  decomposed  them  in  a  given  order. 

The  subject  of  electrolysis,  from  the  time  that  Faraday  first  com- 
menced his  researches,  has  grown  in  importance.  We  have  already 
directed  attention  to  certain  details  of  the  subject  (p.  18). 
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Nomenclature — Chemical  Symbols  and  Formulas — Combining  Proportions — Atoms — 
Molecules— Atomic  and  Molecular  Combination — Compound  Radicals— Volume — 
Standard  Pressure  and  Temperature — Eelative  "Weight — The  Crith — Relation 
between  Atomic  "Weights  and  Specific  Gravity  —  Relation  between  Atomic 
"Weights  and  Specific  Heats — Atomicity  and  Quantivalence — Chemical  Forpiulae 
— Substitution — Isomerism— Isomorphism— Allotropism — The  Metric  System. 

Elements  and  Compounds. — By  an  element  or  simple  body  we 
understand  a  substance  which  cannot,  so  far  as  experiment  has  gone, 
be  decomposed,  and  from  which  nothing  can  be  taken  but  the  sub- 
stance itself.  Iron  is  an  element,  because  you  can  extract  nothing 
from  iron  but  iron.  The  elements  are  divided  into  two  arbitrary 
classes — metals  and  non-metals. 

By  a  compound  body  we  understand  one  formed  by  the  union  of  two 
or  more  elementary  bodies.  Common  salt  is  a  compound  body.  It 
may  be  formed  by  combining  sodium  and  chlorine.  From  common 
salt  we  can  obtain  sodium  and  chlorine.  The  first  is  the  synthetical 
proof,  and  the  second  the  analytical  proof,  of  its  compound  nature.  The 
analytical  experiment  proves  that  common  salt  contains  sodium  and 
chlorine,  whilst  the  synthetical  experiment  proves  that  it  contains 
sodium  and  chlorine  only. 

Names  of  Bodies. — The  ancient  names  given  to  bodies  were 
mostly  fanciful.  They  were  derived  either  (a)  from  their  resemblance  to 
certain  things  {e.g.,  oil  of  vitriol,  sugar  of  lead,  butter  of  antimony,  liver 
of  sulphur,  etc.)  ;  or  from  some  remarkable  property  of  the  body  ; 
{e.g.,  caustic  alkali,  corrosive  sublimate,  vital  air,  sal  poly  direst,  phos- 
phorus, antimony,  etc.)  ;  or  (y)  from  the  name  of  a  person  or  heathen 
divinity  {e.g.,  Glauber's  salts,  Tantalum,  Niobium,  etc.)  ;  or  (g)  from 
the  name  of  a  place  {e.g.,  Epsom  salts,  Cheltenham  salts,  Columbium, 
etc.)  ;  or  (e)  from  the  name  of  a  planetary  body  {e.g.,  Tellurium, 
Uranium,  etc.) 

A  reformation  in  nomenclature  was  suggested,  in  1781,  by  Guyton 
Morveau,  who  proposed  that  the  name  should  indicate  somewhat  the 
properties  and  composition  of  the  body.  In  1787,  he  obtained  for  this 
purpose  the  assistance  of  the  French  Academy  of  Sciences,  and 
Lavoisier,  Berthollet,  and  Fourcroy  were  appointed  to  join  him  in  the 
work.    To  a  large  extent  their  efforts  were  successful. 

Many  of  the  names  now  employed  express  some  special  charac- 
teristic of  the  body.  Thus  chlorine  (xXwpoe,  green)  refers  to  the  color 
of  the  substance  ;  bromine  {jipwfxog,  stench)  to  its  odor,  etc.    Most  of 
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the  metals,  although  many  of  the  common  names  are  retained,  are  dis- 
tinguished by  the  termination  um.  The  haloid  group  terminate  in  ine; 
others  terminate  in  on,  as  carbon  and  boron  ;  and  others  again  in  gen 
(yevvaw),  as  hydrogen  (water-begetter),  oxygen  (acid-begetter),  nitrogen 
(nitro-begetter),  etc. 

In  the  case  of  compounds,  the  name  is  made  to  express  the  com- 
ponents of  the  body,  and,  as  far  as  possible,  its  constitution.  Thus,  the 
name  "  sodic  chloride  "  expresses  a  compound  of  sodium  and  chlorine. 
The  term  "  anhjdricW  signifies  a  binary  compound  containing  oxygen 
(an  oxide),  which,  when  combined  with  water,  forms  an  acid  ;  in  other 
words,  the  residue  obtained  by  abstracting  all  the  displaceable 
hydrogen  from  one  or  two  molecules  of  an  oxygen  acid. 

For  example — 

SO3  +    H2O  =  H2SO4. 

Sulphuric  anhydride  -f  Water  =  Sulphuric  acid. 

An  inorganic  pyro-acid,  which  is  a  partial  anhydride,  results  from  the 
elimination  of  water  from  two  molecules  of  a  polybasic  acid.  For 
example — 

Phosphoric  acid  (2H3PO4  —  H2O)  forms  pyrophosphoric  acid  (H4P2O7) 
Sulphuric  acid  (2H2SO4  —  H2O)  forms  pyrosulphuric  acid  (H2S2O7) 

A  pyro-acid,  in  organic  chemistry,  merely  indicates  a  compound 
resulting  from  the  application  of  heat  to  the  original  acid. 

We  may  here  consider  the  meaning  of  the  various  terminations  and 
prefixes  used  in  chemical  nomenclature. 

1.  Terminations. 

(1.)  "ide"  is  applied  to  the  negative  constituent  of  a  binary  com- 
pound (that  is,  a  compound  formed  by  the  union  of  two  elementary 
bodies),  the  positive  constituent  frequently  being  made  to  terminate  in 
ic."    For  example — 

Potassium  +  iodine  form  potassic  (or  potassium)  iodzde. 
Lead  4-  oxygen         „    plumbic  (or  lead)  o^ide. 

[NOTE.^ — Sir  H.  Davy  suggested  that  the  terminations  in  these 
.  cases  should  indicate  property,  "  ide  "  being  employed  for  acid,  and 
^'  uret"  for  alkaline  compounds.] 

(2.)  "  ic "  and  "  ous" — Two  bodies  may  combine  in  different  pro- 
portions. Thus,  tin  and  chlorine  combine  to  form  SnClg  and  SnCl4. 
The  termination  ic  is  given  to  the  positive  constituent  of  the  com- 
pound (Sn)  containing  the  largest  proportion  of  the  negative  constituent 
(CI),  and  the  termination  ous  to  the  positive  constituent,  containing 
the  smallest  proportion  of  the  negative  constituent.    For  example — 

1  atom  of  tin  -f  2  chlorine  =  stannous  chloride  (SnCl2). 
1  atom  of  tin  -i-  4  chlorine  =  stannic  chloride  (SnClj). 
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(Similarly  FeO  =  ferrous  oxide,  FeoO,,  =  ferr«c  oxide  ;  HgoO  == 
mercuroiis  oxide,  HgO  =  mercmv'c  oxide ;  etc.) 

These  terminations  "zc"  and  "  ous,"  moreover,  are  employed  to 
distinguish  acids  that  are  composed  of  the  same  elements,  but  in 
different  proportions.  Thus,  sulphur  forms  two  acids  by  its  combina- 
tion with  oxygen.  The  acid  which  contains  the  most  oxygen  is  called 
sulphunc  acid,  whilst  that  containing  the  least  oxygen  is  called 
sulphuro«<s  acid. 

Sulphurous  acid    ^  r  Sulphunc  acid. 

PhosphoroMS  acid  \  Contain  less  oxygen  than  <   Phosphoric  acid. 
Nitrous  acid         j  (.  mtric  acid. 

(3.)  "Ue"  and  "■ate." — The  termination  "ite"  implies  that  the  salt 
is  a  compound  of  a  base  with  an  acid  terminating  in  "ous,"  and  the 
termination  "  ate  "  that  the  salt  is  a  compound  of  a  base  with  an  acid 
terminating  in  "  ic."    For  example — 

Sodic  sulphj'ie  is  a  sodium  salt  of  sulphurous  acid. 
Sodic  sulphate  „  sulphunc  acid. 

(4.)  "a"  and  "ia." — The  termination  is  usually  given  to  in- 
organic alkalies,  such  as  soda,  and  "  ia  "  to  organic  alkalies,  such  as 
stiychnia.    The  rule  is  not  absolute. 

(5.)  "  ine "  or  "  in  "  are  used  to  denote  a  neutral  active  principle, 
such  as  caffeine,  piperin,  etc. 

(6.)  "  "  or  "  7jle  "  is  adopted  in  the  case  of  many  of  the  compound 
radicals,  such  as  methyl,  propyl,  etc. 

II.  Prefixes. 

(1.)  Bin,  Ter,  etc.  (Latin)  ;  or  Mon,  or  Mono,  Deut,  etc.  (Greek)  ; 
or  Di,  Tri,  Tetra,  etc.,  denote  various  proportions  of  constituents,  and 
the  position  of  various  compounds  in  a  series.    For  example — 

Carbon  monoxide  (or  carbonic  oxide)  signifies  C  -|-  O. 
Carbon  dioxide  (or  carbonic  anhydride)    „      C  -1-  Oo. 

There  is  no  rule  as  to  the  use  of  the  Latin  or  the  Greek  forms. 

(2.)  "Per  "  denotes  the  highest  compound  in  a  series.  For  example, 
a  peroxide  signifies  that  oxide  which  contains  the  largest  quantity  of 
oxygen  in  a  series  of  oxides. 

(3.)  "Sesqiii"  denotes  a  compound  where  the  relationship  of  the 
elementary  atoms  is  as  2  to  3  ;  for  example,  sesquioxide  of  iron  (really 
ferric  oxide)  has  the  formula  FegO.,. 

(4.)  "Froto"  {irpioToc,  first)  denotes  the  first  of  a  series  of  com- 
pounds ;  for  example,  the  protoxide  of  iron  FeO  (also  called  ferrows 
oxide)  contains  the  smallest  quantity  of  oxygen  of  any  iron  and  oxygen 
componnd. 
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(5.)  "Eypo""  {vTTo,  under)  denotes  the  position  of  a  compound. 
Thus,  the  acid  containing  less  oxgeu  than  phosjjJiorous  acid,  might  be 
called  hypophospliorous  acid. 

(6.)  "Hyper"  {v-Ktp,  over)  is  occasionally  used  to  express  the  con- 
verse of  the  prefix  "hypo." 

(7.)  "Para"  signifies  equal;  for  example,  ^amcyanogen  implies  a 
body  chemically  equal  to  cyanogen. 

(8.)  "Meta "  signifies  near  to."  Thus,  ??ietophosphoric  acid  only 
differs  from  orthophosphoric  acid  by  1  molecule  of  water. 

(9.)  "Sub"  implies  that  the  compound  contains  less  of  a  constituent 
than  is  indicated  by  the  rest  of  the  word. 

(10.)  "  Sulph  "  or  "  SulpJio,"  "JTydr  "  or  "Hydro."— The  composi- 
tion of  acids  formed  by  the  combination  of  sulphur  or  hydrogen  (without 
oxygen)  with  other  elements  is  expressed  by  the  foregoing  prefixes,  the 
terminals  "o7ts"  and  "ic"  being  also  employed  in  the  case  of  the 
sulphur  compounds  to  indicate  the  proportions  of  sulphur  relatively 
present.  In  the  case  of  hydrogen,  such  terminations  are  not  needed, 
inasmuch  as  only  one  acid  is  formed  by  the  union  of  an  element  with 
hydrogen. 


Chemical  Symbols  and  Formulae. 

The  alchymists  adopted  signs  to  represent  bodies.  Thus  0  (sol) 
represented  gold,  and  D  (luna)  silver,  etc.  Chemists  now-a-days 
denote  the  various  elementary  bodies  by  symbols,  using  either  the 
first  letter  of  the  Latin  name,  or,  where  several  elements  have  the 
same  initial  letter,  the  first  letter  subjoined  with  a  smaller  one. 
Thus  0  =  oxygen  ;  C  =  carbon  ;  Ca  =  calcium  ;  CI  =  chlorine, 
etc. 

Further,  this  symbol  represents  one  equivalent  or  combining  weight 
of  the  element.  Thus,  the  symbol  O  represents  a  similar  bulk  of 
oxygen  that  the  symbol  H  represents  of  hydi-ogen,  but  a  weight  16 
times  as  great. 

A  compound  is  represented  by  the  symbols  of  the  several  com- 
ponents placed  one  after  the  other.  Thus,  HCl  represents  a  com- 
pound, formed  of  one  atom  of  hydrogen  and  one  of  chlorine,  or  by  1 
part  by  weight  of  hydrogen  and  35-5  parts  by  weight  of  chlorine. 

If  we  desire  to  express  more  than  one  atomic  proportion,  we 
place  a  little  figure  above  or  below  the  symbol.  Thus  HgO  or 
I-PO  imply  that  with  every  atom  or  1  atomic  part  by  weight  of 
oxygen,  there  is  conjoined  2  atoms  or  2  atomic  parts  by  weight  of 
hydrogen. 

If  the  figure  be  placed  before  the  whole  formula,  it  implies  that  all 
the  elements  composing  the  group,  i.e.,  either  as  far  as  a  comma,  or 
some  other  sign  following,  or  else  included  in  brackets  immediately 
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succeeding  the  number,  are  to  be  multiplied  by  the  said  number. 
Thus  in  the  equation*  Ca3P„08  +  2(H2S04)  =  2(CaS04)  +  H4CaP208! 
the  2  before  the  H2SO4  and  the  2  before  the  CaS04  imply  that  the 
whole  numbers  are  to  be  multiplied  by  2  ;  but  there  being  a  +  after 
the  CaS04,  it  follows  that  the  H4CaP208  is  not  to  be  multiplied  by  the 
2  preceding  the  CaS04. 

It  is  not,  however,  necessary  to  employ  brackets  unless  a  comma  be 
introduced  into  the  formula ;  thus,  in  the  equation — 

CaaP^Os  +  2H2S04=2CaS04  +  H4CaPo08 

the  multiplication  of  the  H2SO4  and  of  the  CaS04  respectively  by  2 
is  as  much  indicated  as  though  the  formula  had  been  placed  within 
brackets.  Thus,  the  formula  3Cu,2N03  implies  that  the  Cu  only  is 
to  be  multiplied  by  3,  and  not  the  2NO3  5  whilst  if  the  formula  fol- 
lowing the  number  be  placed  in  brackets,  thus  3(Cu,2N03),  it  then 
implies  that  the  whole  number  is  to  multiplied  by  3.    Thus — 

3Cu,2N03  would  be  equivalent  to  CugNgOg  ;  but 
3Cu2N03or   I  P 
3(Cu,2N03)    1      "         "  ^"s^eOis- 


Combining  Proportions — Atomic  Theory. 

In  1774,  Wenzel,  a  German  chemist,  published  a  work  on  "The 
General  Theory  of  Affinities."  This  in  reality,  contained  the  germ 
of  the  atomic  theory.  The  great  fact  noted  by  Wenzel  was,  that 
when  two  neutral  salts,  such  as  sodic  sulphate  and  plumbic  acetate, 
were  mixed  together,  although  an  exchange  of  acids  took  place,  the 
resulting  products  were  neutral,  proving  that  the  acid  of  the  one  salt 
was  sufficient  to  neutralize  the  base  of  the  other  salt. 

In  1792,  Kichter,  a  Prussian  chemist,  wrote  a  work  on  "  Stochio- 
metry,  or  the  Mathematics  of  Chemical  Elements"  (ffroixttov,  an 
element,  /xerpew,  I  measure).  This  was  mainly  directed  to  illustrating 
the  relative  quantities  of  acid  and  base  necessary  for  saturation.  He 
further  constructed  numerous  tables,  such  as  the  following,  as  the 
result  of  his  inquiriesf : — 

*  A  chemical  "«j««<io«"  signifies  the  expression  of  chemical  reactions  hv  chemical 
lormuljE. 

It.  will  he  remarked  that  in  chemical,  as  in  algebraical  equations,  tlie  sign  +  signi- 
bes  addition  (or  admixture);  the  sign  —  subtraction;  and  the  sign  =  equals  for 
yields,  or  is  converted  into). 

t  These  tables  are  taken  from  Thompson,  and  represent  the  mutual  combining 
proportions  of  acid  and  base. 
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2.  Bases. 

Alumina    525 

Magnesia    615 

Ammonia    672 

Lime    793 

Soda    859 

Strontia    1329 

Potash   1605 

Barytes   2222 


1.  Acids. 

Fluoric   427 

Carbonic    577 

Setacic   706 

Muriatic    712 

Oxalic  ..    ..    765 

Phosphoric   979 

Formic   988 

Sulphuric    1000 

Succinic    1209 

Nitric   1405 

Acetic   1480 

Citric   1683 

Tartaric   1694 

In  1 800,  whilst  Dalton  was  analysing  some  compounds  of  hydrogen 
and  carbon,  he  remarked  that  the  several  quantities  advanced  in 
multiple  proportions.  The  same,  moreover,  he  found  to  be  true  with 
other  compounds,  such  as  those  of  carbon  and  oxygen,  sulphur  and 
oxygen,  etc.  It  therefore  occurred  to  him  "  that  matter  was  composed 
of  particles  of  definite  lueights,  and  that  it  combined  in  those  weights. 

This  constituted  Dalton's  "  Atomic  Theory,"  the  fundamental  pro- 
positions of  which  are — 

(1.)  That  matter  is  composed  of  indivisible  and  indestructible  par- 
ticles called  atoms. 

(2.)  That  the  atoms  in  a  mass  do  not  touch,  but  are  surrounded  by 
an  atmosphere  of  heat. 

(3.)  That  the  atoms  are  endowed  with  attractive  and  repulsive  forces. 

(4.)  That  they  have  specific  weights. 

Atoms  (a,  not,  and  r£>vw,  /  cztO-— Here  we  refer  entirely  to  the 
atoms  of  elementary  bodies  and  not  to  "  compound  radicals"  which 
have  been  called  "  compound  atoms." 

(1.)  Every  element  consists  of  ultimate  particles  called  "  atoms." 
The  chemical  symbol  of  any  element  represents  this  atom.  Thus,  0 
represents  the  atom  or  smallest  indivisible  particle  of  oxygen. 

(2.)  We  have  no  actual  knowledge  either  of  the  shape,  the  absolute 
weight,  or  the  absolute  volume  of  these  atoms. 

(3.)  The  atoms  of  any  given  substance  are  believed  to  be  of  identical 
weight,  under  any  and  every  condition.  In  other  words,  one  atom  of 
oxygen  weighs  the  same  as  every  other  atom  of  oxygen. 

(4.)  Nevertheless  the  atom  of  one  body  does  not  weigh  the  same  as 
the  atom  of  every  other  body.  An  atom  of  oxygen  weighs  16  times  as 
much  as,  and  an  atom  of  carbon  12  times  as  much  as,  an  atom  of 
hydrogen.  These  comparison  weights  of  the  atoms  (hydrogen,  as  the 
lightest  body  known,  being  regarded  as  1)  are  called  atomic  weights. 
Atomic  weights,  therefore,  are  relative  weights,  but  not  absolute  weights. 
For  example,  when  we  say  that  mercury  has  an  atomic  weight  of  200, 
we  mean  that  the  atom  of  mercury  would  weigh  200  times  as  much  as 
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the  atom  of  hydrogen,  but  inasmuch  as  we  cannot  determine  the 
absolute  weight  of  the  hydrogen  atom,  the  number  200  does  not  express 
the  absohite  weight  of  the  mercury  atom. 

Accurately,  we  may  define  the  atomic  weight  of  an  element,  as  "  that 
weight  which  would  occupy  in  the  state  of  gas  the  same  volume  as  the  unit 
weight  of  hydrogen  under  like  temperature  and  pressure." 

If,  however,  we  cannot  obtain  the  element  in  a  state  of  gas  (as,  e.g., 
in  the  case  of  carbon),  the  atomic  weight  is  then  deduced  from  such 
other  considerations  as  the  specific  heat  of  the  body,  etc. 

The  atomic  weights  have  been  determined  by  analyses  of  great 
delicacy— simple  compounds  being  mainly  selected  for  the  purpose- 
varying  the  process  of  analysis,  and  varying  the  compound  analysed,  to 
prevent  error.  Further,  in  fixing  atomic  weights  assistance  is  derived 
from  its  specific  heat,  the  density  of  its  vapour,  the  isomorphism  of 
compounds,  etc. 

By  the  term  "  combining  proportion"  SirH.  Davy  implied  the  smallest 
proportion  hy  iveight  (hydrogen  being  regarded  as  unity)  with  which 
bodies  combine  with  each  other. 

Molecule  {Molecula,  a  little  ?nass).— These  may  be  compound  or 
elementary  : —  , 

(«.)  Compound  Molecules.  A  compound  body  is  made  up  of  two  or 
more  elementary  atoms.  A  molecule  of  any  given  compound  is  "the 
smallest  possible  cluster  of  elementary  atoms  capable  of  existing  as  the 
compound,  and  of  possessing  independent  chemical  action."  Thus  a  mole- 
cule of  water  (H^O)  consists  of  2  hydrogen  atoms  and  1  oxygen  atom. 
The  water  molecule  therefore  consists  of  3  atoms,  inasmuch  as  nothing 
less  than  an  aggregate  of  3  atoms  can  form  water.  Or  again,  a  mole- 
cule of  ammonia  (NH3)  consists  of  4  atoms,  viz.,  3  of  hydrogen  and  1 
of  nitrogen.  It  could  not  be  ammonia  if  there  were  less  than  4  atoms 
present  in  the  molecule.  A  compound  molecule,  therefore,  may  he  a  cluster 
of  any  number  of  atoms  from  two  upwards. 

The  atomic  weight  of  a  molecule  is  the  sum  of  the  weights  of  the 
several  atoms  of  which  it  is  composed.  Thus  18  is  the  atomic  weight 
of  a  molecule  of  water  (H^O  =  2+16).  The  molecular  weight  of  a 
hydrogen  salt  is  always  that  weight  which  contains  as  many  hydrogen 
atoms  as  can  be  replaced  by  potassium,  silver,  etc.  Thus  H2C2O4  (that 
18,  twice  Its  empirical  formula)  is  the  formula  for  a  molecule  of  oxalic 
acid,  and  90  its  molecular  weight,  because  whilst  we  are  able  to  replace 
both  the  atoms  of  hydrogen  by  potassium,  forming  the  neutral  potassic 
oxalate,  K^C^O^,  we  may  also  replace  one  hydrogen  atom  only  by  potas- 
sium, thereby  forming  the  acid  salt,  hydric  potassic  oxalate,  HKCoO. 
Ihus  we  regard  oxalic  acid  as  a  dibasic  acid. 

Conversely,  we  represent  63  as  the  molecular  weight  of  HNO.,,  and 
not  126  (viz.,  HgNjOe),  because,  whilst  we  have  the  salt  KNOg,  we  know 
of  no  such  salt  as  HKN^Ofi.  Nitric  acid,  therefore,  is  a  monobasie  acid. 

ihe  symbol  of  a  compound  body  represents  a  molecule  of  that  body. 


34:  HANDBOOK  OP  MODERN  CHEMISTRY. 

(b.)  Elementary  molecules. — There  are  strong  reasons  for  believing 
that  our  knowledge  of  the  reaction  of  elements  pertains  rather  to  their 
molecular  than  to  their  atomic  condition,  and  that  in  all  decompositions 
and  combinations  the  molecule  of  the  element  is  concerned,  although 
only  one  of  the  atoms  of  the  molecule  may  be  at  work  in  effecting  the 
change.  Thus  a  free  element,  such  as  hydrogen,  never  appears  to 
work  singly,  but  in  clusters.    In  a  bottle  of  hydrogen,  therefore,  we 


should  regard  the  gas,  not  as  made  up  of  atoms  of  |  H 
atom-clusters  of 


=  1,  but  of 


H  H 


=  2.    The  convenience  of  this  diatomic 


symbolization,  as  it  is  called,  will  appear  further,  when  we  note  that, 
with  very  few  exceptions,  compound  bodies  in  their  vaporous  condition, 
occupy  two  volumes.    This  leads  us  to  define — 

An  atom  of  an  elementary  body  as  the  smallest  proportional  weight 
capable  of  existing  in  chemical  combination  ;  and 

A  molecule  of  an  elementary  body  as  the  smallest  proportional  weight 
capable  of  existing  in  a  free  or  uncombined  state. 

By  the  phrase  molecular  weight,  then,  we  imply  "  the  weight  of  two 
volumes  of  any  substance,  elementary  or  compound,  compared  with 
the  weight  of  two  volumes  of  hydrogen."  Thus— 

H„  =  2  :  Therefore  the  molecular  weight  of  00  =  32,  of  Cl2=71, 
of  HCl  =  36-5. 

Dr.  Frankiand  expresses  this  fact  by  stating  that  no  element  can 
exist  with  any  of  its  bonds  unconnected,  and  that,  therefore,  the  mole- 
cules of  all  elements  having  an  uneven  number  of  bonds  are  generally 
diatomic,  but  always  polyatomic.    Thus — 

Hydrogen  {11',)  H— H;  Nitrogen  (NI)  N  ^N;  Phosphorus  (PX)  P  =  P 

P  =  P 

In  some  cases  (viz.,  mercury,  zinc,  and  cadmium)  we  find  an 
element  capable  of  existing  as  a  monatomic  molecule,  its  own  bonds 
satisfying  one  another.  In  such  case,  however,  the  atomicity  must  be 
even  (artiad).    Thus — ■ 

Mercury  (Hg-Qj-Hg-/;  Zinc  fZn-Q-Zn-/;  Cadmium  (Cd")  tCd-j. 
On  the  other  hand,  such  an  element  may  also  be  polyatomic.  In  ozone, 
an  allotropic  form  of  oxygen,  for  example,  the  molecule  is  triatomic 
Thus,  whilst  O2  (0  =  0)  represents  the  ordinary  diatomic  molecule  ot 

oxygen,  O3  ^  )  represents  the  triatomic  molecule  of  ozone. 
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Combination  by  Weight. 

The  laws  of  chemical  combination  as  taught  by  Dalton  are  as 
follows  : — 

I.  That  every  definite  chemical  compound  has  a  fixed  and  invariable 
composition  ;  that  is,  a  given  compound  always  consists  of  the  same  elements 
united  in  the  same  proportions. 

Thus,  hydrochloric  acid  (HCl)  consists  of  1  atom  of  hydrogen  (H) 
combined  with  1  atom  of  chlorine  (CI).  The  weight  of  the  hydrogen 
^  atom  being  1,  and  the  chlorine  atom  35-5,  it  follows  that  in  every  36-5 
grains,  or  pounds,  or  tons  of  hydrochloric  acid,  there  is  1  grain,  or 
pound,  or  ton  of  hydrogen,  and  35-5  grains,  or  pounds,  or  tons  of 
chlorme.  Hydrochloric  acid  can  be  formed  in  no  other  proportion  than 
1  part  of  hydrogen  to  35-5  parts  of  chlorine. 

n.  If  one  substance  combines  with  another  in  more  than  one  proportion, 
the  several  proportions  are  always  some  multiple  or  sub-multiple  of  the  lowest 
of  these  proportions. 

This  is  illustrated,  for  example,  in  the  oxides  of  nitrogen:— 

Atomic  weight  Atomic  weight 

.  of  Nitrogen.  of  Oxygen. 

Nitrous  oxide   N^O  ....  14  X  2  =  28  to  16. 

Nitnc  oxide    N.O,  ....  28  to    16  X  2  =  32. 

Nitrous  anhydride   N^03  ....  28  to    16  X  3  =  48. 

Nitric  peroxide   N^O,  ....  28  to    16  X  4  =  64. 

Nitric  anhydride  .-   N.O,  ....  28  to    16  X  5  =  80. 

It  will  be  seen  how  the  various  quantities  of  oxygen  increase  by 
definite  multiples  of  16.  It  often  happens,  however,  tbat  a  series  may 
he  deficient,  or  that  the  proportions  are  less  simple  than  in  the 
Illustration  given. 

III.  If  the  weights  in  ivhich  a  series  of  bodies  (B,  C,  D,  E,  etc.)  com- 
bine with  another  body  (A)  be  determined,  these  weights  or  some  multiple  or 
sub-multiple  thereof,  are  also  the  weights  with  which  B,  C,  D,  and  E  com- 
bine amongst  themselves : — 

Example :   16  of  oxygen  will  combine  with  65  of  zinc,  and 
16  X  2  =  32  of  oxygen  „  32  of  sulphur; 

Therefore    65  of  zinc  „  32  of  sulphur. 

IV.  In  a  compound  body,  the  combining  weight  of  the  compound  is  the 
total  combining  weight  of  the  components. 

Ifi^^^^r?^™^^^'  combining  weight  of  sulphur  is  32,  and  of  oxygen 
lb.  Ihe  combining  weight  of  sulphuric  anhydride  (SO3),  which  is 
composed  of  1  of  sulphur  and  3  of  oxygen,  is,  therefore,  80. 

These  facts  give  accuracy  to  all  chemical  reactions.    In  the  labora- 
tory no  materials  are  mixed  at  random  ;  bodies  combine  in  exact 
proportions,  and  form  products  of  definite  weights.    It  follows  that, 
As  the  total  molecular  iveight  of  the  substance  given  is  to  the  total  molecular 
weight  of  the  substance  required,  so  is  the  given  weight  to  the  required  weight:' 

D  2 
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That  is,  if  we  desire  to  obtain  500  grammes  of  carbonic  anhydride 
from  sodic  carbonate,  knowing  that  every  106  parts  of  sodic  carbonate 
contain  44  parts  of  carbonic  anhydride,  the  exact  quantity  of  sodic 
carbonate  necessary  to  produce  the  500  grammes  (x)  may  be  estimated 
by  the  equation — 

106  X  500 


44 


=  X. 


Atomic  and  Molecular  Combination. -H  represents  an  atom  of 

hydrogen.  Hg  represents  a  molecule  of  hydrogen,  i.e.,  the  smallest 
portion  of  hydrogen  capable  of  existing  in  the  free  state.  CI  similarly 
represents  an  atom,  and  Clj  a  molecule  of  chlorine.  To  express  the 
combination  of  these  bodies  in  atotnic  formula  we  write  it  thus — 

C1  +  H=HC1, 

whilst  to  express  their  combination  in  molecular  formula  we  write  it 

thus —  ^, 

Cl2+H2=2HC1, 

this  latter  implying  the  bringing  together  and  the  mutual  interchange 
of  two  molecules,  whereby  two  molecules  of  a  new  body  are  formed. 
As  regards  the  relative  weights  of  the  constituents  and  of  the  resultant, 
it  does  not  matter  which  way  the  equation  is  written. 

Two  molecules  occasionally,  though  rarely,  unite  to  form  one  mole- 
cule, from  the  latent  atomicity  of  an  element  becoming  active.  Thus 
in  phosgene  gas — 

''C"0  +  Cl2=C^^OCl2  (phosgene  gas), 
the  latent  atomicity  of  the  carbon  in  the  CO  becomes  active  in  the 

COCI2,  thereby  making  the  active  atomicity  of  the  carbon  in  the  latter 

compound  double  what  it  was  in  the  former. 

There  is  what  Frankland  calls  a  molecular  union  or  combination,  where 

no  change  results  in  the  active  atomicities  of  any  of  the  molecules  ; 

such,  for  example,  is  the  combination  of  salts  with  their  water  of 

crystallisation. 

Compound  EadicalS.-A  compound  radical  (in  contradistinction 
to  an  element,  which  may  be  called  "  a  simple  radical ")  is  "  a  compound 
group  of  two  or  more  atoms,  which  behaves  in  all  respects  as  though  it  were 
an  element." 

Such  compound  groupings  were  supposed  by  Liebig  to  be  peculiar 
to  bodies  of  organic  origin,  but  their  existence  is  now  recogmsed 
amongst  inorganic  substances. 

Theoretically,  the  number  of  compound  radicals  must  be  endless. 
Practically,  however,  chemists  only  term  those  groupings  compound 
radicals,  that  can  be  shown  to  enter  into  the  composition  of  a  large 
number  of  compounds. 

Respecting  these  compound  radicals  we  would  note  that — 

(1  )  Every  compound  radical  must  contain  a  polyad  element— that 
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is,  an  element  requiring  two  or  more  hydrogen  atoms,  or  their  equiva- 
lent, to  saturate  it. 

(2.)  Compound  radicals,  like  the  elements,  are  of  different  atomi- 
cities, the  atomicity  depending  on  the  number  of  hydrogen  or  other 

monad  atoms  required  to  satisfy  them.  Thus  

If  you  remove  H  from  the  fully  saturated  NE.,  (ammonia)  an  un- 
saturated "residue"  or  "compound  radical,"  amidogen  (NHo)  remains, 
of  monad  atomicity.  Thus,  amidogen  will  combine  with  the  monad 
element  potassium,  to  form  potass-amine  (NHsK). 

If  Hg  be  removed  from  NH3,  an  unsaturated  radical  remains 
(imidogen  (NH)),  of  dyad  atomicity.  Thus,  imidogen  will  combine 
with  two  of  the  monad  compound  radical  methyl  (CH,)  to  form 
dimethyl-amine  NH(CH3)2. 

(3.)  The  molecule  of  a  monad,  triad,  or  pentad  compound  radical, 
like  the  atom  of  a  monad,  triad,  or  pentad  element,  cannot  exist  in  a 
free  state,  but  when  isolated  combines  with  itself.  Thus  just  as  Hg 
represents  a  molecule  of  hydrogen,  so  (HO)o  represents  a  molecule  of 
the  monad  compound  radical  hydroxyl. 

In  orffanic  chemistry  compound  radicals  are  endless.  The  first 
recognised,  well-marked  compound  organic  radical  was  cyanogen  (CIST 
or  Cy).  Like  chlorine,  which  combines  with  hydrogen  to  form  hydro- 
chloric acid  (HCl),  it  combines  with  hydrogen  to  form  hydrocyanic  acid 
(HLy),  the  combination  of  two  volumes  being  effected  in  both  cases 
without  condensation. 

Volume  (volvo,  I  roll).-"  A  volume  "  in  chemical  language  implies 
the  space  occupied  by  a  known  weight  of  a  gas  at  a  given  temperature 
and  pressure,  compared  with  the  space  occupied  by  known  weights  of 
other  gases  at  similar  temperature  and  pressure. 

As  in  compound  bodies  the  elementary  atoms  combine  in  fixed 
weights  (proved  by  Dalton),  so  in  gaseous  compounds,  the  con- 
stituents combine  in  fixed  volumes  (proved  by  Gay  Lussac,  1809). 

ihe  symbols  H,  O,  CI  represent  atoms  of  hydrogen,  oxygen,  and 
chlorme,  having  the  relative  weights  1,  16,  and  35-5  respectively.  If 
we  take  1  gramme  of  hydrogen  we  should  find  that  at  a  certain  tem- 
perature and  pressure  the  volume  of  the  gas  would  measure  11-2  litres, 
m  order  to  obtain  a  volume  of  oxygen  measuring  11-2  litres,  or  a 
volume  of  chlorine  measuring  11-2  litres  at  a  similar  temperature  and 
pressure,  we  should  require  in  the  former  case  16  grammes,  and  in  the 
latter  case  35-5  grammes.  These  weights  are,  it  will  be  noticed,  the 
atomic  weights  of  oxygen  and  chlorine.  Hence,  the  symbols  H,  0, 
and  CI  represent  different  weights  of  the  gases,  but  similar  bidks. 


Again,  imagine  this   to  represent  a  separate  volume  of  hydrogen. 

or  oxygen,  or  chlorine.  If  this  volume  of  hydrogen  weighed  1  grain,  a 
similar  volume  of  oxygen  would  weigh  16  grains,  and  a  similar  volume 
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of  chlorine  would  weigh  35-5  grains.  Hence  the  symbols  H,  0,  CI  re- 
present similar  bulks  of  the  several  gases,  but  different  weights. 

These  facts  were  first  noted  in  1811  by  Amadeo  Avogadro,  and 
were  discussed  in  detail  in  1814  by  Ampere.  Avogadro  noted  that 
the  effect  of  changes  of  temperature  and  pressure  on  all  gases  was 
alike,  and  reasoning  on  this  constancy  of  results,  he  concluded  "  that 
equal  volumes  of  all  substances  {elementary  or  compound)  in  a  gaseous 
state  contain  under  like  physical  conditions  {i.e.,  at  the  same  temperature 
and  pressure)  the  same  number  of  molecules  "  ("  Journal  de  Physique," 
July,  1811).  But,  inasmuch  as  equal  volumes  had  different  weights, 
it  followed  that  the  molecules  of  different  gases  must  also  have 
different  weights,  such  different  weights  being  proportional  to  the 
weights  of  equal  volumes  at  the  same  temperature  and  pressure  {i.e., 
their  vapour  densities). 

An  illustration  will  make  these  facts  clear: — 

(a.)  The  volume  combination  of  hydrogen  and  chlorine  to  form  hydro- 
chloric acid  may  be  thus  expressed. 


H 


+ 


CI 


=     H  ;  CI 


which  implies  that  a  given  volume  of  hydrogen  combines  with  a 
similar  volume  of  chlorine  to  form  two  volumes  of  hydrochloric  acid. 

(/3.)  The  weight-combination  of  hydrogen  and  chlorine  is  expressed 
thus — 

H  +  CI  =  HCl; 

which  implies  that  1  part  by  weight  of  hydrogen  combines  with  35-5 
parts  by  weight  of  chlorine  to  form  36-5  parts  by  weight  of  hydro- 
chloric acid. 

(y.)  If  therefore  the  hydrogen  volume  has  a  weight  of  1,  the 
chlorine  volume  must  have  a  weight  35-5  times  as  great.  If,  how- 
ever, both  volumes  contain  the  same  number  of  molecules,  it  follows 
that  the  weight  of  the  chlorine  molecule  must  be  35-5  times  that  of  the 
hydrogen  molecule. 

(2.)  It  is  evident  that  the  volumes  of  any  two  gases  forming  a  com- 
pound, are  to  one  another  as  the  atoms  of  the  elements  forming  the 
compound.    Thus — 

TT      r^^      -rrni       (  1  atom  of  H  oombincs  with  1  atom  of  CI, 
H  +  CI  =  Hbl ;  1 

implies  that        (  ^  ^  combines  with  1  vol.  of  CI. 

r^      TT  fS  atoms  of  H  combine  with  1  atom  of  0, 

implies  that        |  ^  ^^^^      ^  ^^^^.^^  ^.^^  1  ^.^1  0. 

(f.)  To  this  law  there  are  certain  exceptions  : — 

(1.)  In  the  case  of  Phosphorus  and  Arsenic,  the  number  of  volumes 
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rmtst  be  halved.  In  other  words  the  molecules  of  these  bodies  are 
tetratomic.    Thus  : — 

In  PH3       I  ^  ^  combine  with  ^  vol.  of  P  vapour  ;  or 

\  6  vols,  of  H  combine  with  1  vol.  of  P  vapour. 

In  AsHj      I  ^  ^  combine  with  l  vol.  of  As  vapour  ;  or 

(  6  vols,  of  H  combine  with  1  vol.  of  As  vapour. 

(2.)  In  the  case  of  mercury,  zinc,  and  cadmium,  the  number  of  volumes 
must  be  doubled  (p.  34).  In  other  words,  the  molecules  of  these 
bodies  are  monatomic,  and  consequently  their  molecular  and'  atomic 
weights  are  identical.    Thus : — 

In  HgClg  2  vols,  of  mercury  vapour  combine  with  2  vols,  of  chlorine. 

Hence,  the  general  facts  may  be  stated  as  follows  :— "  The  com- 
bining volumes  of  all  elementary  gases  are  equal,  excepting  phos- 
phorus and  arsenic,  which  are  one-half,  and  zinc,  mercury,  and 
cadmium,  which  are  double  those  of  the  other  elements  in  the  gaseous 

To  this  may  be  added  that  the  sulphur  molecule  at  975-2°  F. 
(524°  C.)  is  hexatomic,  but  that  this  at  1580°  F.  (860°  C.)  breaks 
up  into  three  diatomic  molecules. 

Standabd  Pressure  and  Temperature. 

In  connection  with  our  study  of  volume-combination,  it  is  important 
to  understand  the  method  of  correcting  gases  to  standard  temperature 
and  pressure,  when  the  volume  is  estimated  at  irregular  temperatures 
and  pressures. 

By  standard  pressure  is  meant  when  the  barometer  stands  at  760 
Centi^ade  ^''^^^^  ^^'^^  ''''^        "'"''"^'""'^  temperature,  0° 

(I-)- Standard  Pressure-— This  implies  ''the  pressure  of  a  column 
oj  mercury  of  760  mm.,  at  0°  C." 

By  the  term  "1  pressure"  or  "1  atmosphere"  is  implied  the 
ZZ^t\f  ^  .  mercury,  this  being  the  quantity 

wmch  the  air  (on  an  average)  is  capable  of  supporting.  Such  a  column 
IS  tound  to  press  with  a  weight  of  15  lbs.  on  the  square  inch.  A 
pressure  of  15  lbs.  on  the  square  inch,  therefore,  constitutes  what  is 
called  1  pressure"  or  «  1  atmosphere  ;  "  a  pressure  of  30  lbs.  on  the 
square  inch  constituting  "  2  pressures  "  or  "  2  atmospheres,"  etc. 

The  relationship  of  the  volume  of  a  gas  to  pressure,  known  as  the 
i^aw  ot  Boyle  and  Marriotte  (1662)  is  as  Mlows:—"  Temperature 
oemg  constant,  the  volume  of  a  gas  varies  inversely  as  the  pressure  ;  "  in 
otner  words,  the  pressure  of  a  gas  is  proportional  to  its  density  ;  the 
smaller  the  pressure  the  greater  the  volume,  the  greater  the  pressure 
the  smaller  the  volume. 
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A  given  quantity  of  any  gas  at  1  pressure  =  1  volume. 
„  „  2  pressures  =  ^  volume. 

„  „  4  pressures  =  5  volume. 

„  „  I  pressure  =  2  volumes. 

„  „  ^  pressure  =  4  volumes. 

Or  the  facts  may  be  stated  thus  : — 

1  litre  of  gas  at  (30  in.  B.P.)  760  mm.  would  occupy  2  litres  at 
(15  in.  B.P.)  380  mm.,  and  0-5  litre  at  (60  in.  B.P.)  1,520  mm.  ;  or 
100  cubic  inches  at  1  pressure  would  become  50  cubic  inches  under  a 
pressure  of  2  atmospheres,  and  200  cubic  inches  under  a  pressure  of 
half  an  atmosphere. 

To  correct  a  gas,  therefore,  from  an  irregular  pressure  to  the 
standard  pressure,  the  simple  rule  is, — 

As  the  required  pressure  (i.e.,  30  in.  or  760  mm.)  is  to  the  given  pres- 
sure, so  is  the  given  bulk  to  the  required  bulk. 

Examples — 

(a.)  If  a  gas  occupies  250  cubic  in.  at  29-2  in.  B.P.,  what  bulk  will  it  occupy  at 
standard  pressure  ? 

30    :    29-2    :  :    250    :    x.       Ans.  243-3  c.  i. 

(j3.)  If  at  754  mm.  a  gas  measures  1-25  litres,  wbat  will  it  measure  at  standard 
temperature  ? 

760    :    754    ::    1-25    :    x.      Ans.  1-240  litre. 

(7.)  What  hulk  will  a  gas  occupy  at  29  in.  B.P.  which  measures  0-6  litre  at 
30  in. 

29     :      30    :  :      0-6    :    x.       Ans.  0-62  litre. 

It  should  be  noted  that  Boyle's  law  is  only  approximately  true, 
deviations  being  observed  under  high  pressures. 

(2.)— Standard  Temperature— The  law  of  Charles  states  that 

« Presstire  being  constant,  the  volume  of  a  gas  varies  directly  as  the 
absolute  temperature,"  in  other  words,  a  given  volume  expands  equally 
for  equal  increments  of  heat. 

The  standard  temperature  is  regarded  as  0°  C. 

The  law  of  Charles  therefore  declares,  that  all  gases,  unlike  solids 
and  liquids,  expand  by  heat  and  contract  by  cold  regularly  for  every 
increase  or  decrease  of  temperature,  providing  the  pressure  remams 
constant.  WJiat,  then,  is  this  regular  increase?  Experiment  proves 
that  it  is  an  increase  of  the  ^  part  of  the  volume  (or  0-003665)  for 
every  1°  0.  This  fraction  is  termed  «  the  co-efficient  of  expansion  of 
gases  "  [=  the  ^  part  (or  0-00204)  for  every  1°  Fahr.].  Hence- 

273  vols,  at  0°  C.  become  274  vols,  at  1°  C. 
273         „  „       373     „   100°  C. 

273         „  „       546     „  273°  C. 

If,  therefore,  a  gas  measures  a  litre  at  273°  C,  it  will  only  measure 
half  a  litre  at  0°  C,  pressure  being  constant. 


CHEMICAL  TYPES. 


41 


To  correct  for  temperature,  the  rule  is, — 

"J.S  273  +  the  given  temperature  (in  Centigrade  degrees)  is  to  27S  + 
the  required  temperature,  so  is  the  given  bidh  to  the  required  bulk." 
Examples — 

(a.)  A  gas  measures  1  litre  at  273-0°  C,  what  will  it  measure  at  0°  C.  (standard 
temperatiire)  P 

273  +  273    :    273  +  0    :  :    1    :    x.    Ans.  x  =  0-5  litre. 

(/3.)  A  gas  measures  25  cubic  in.  at  20°  C,  what  will  it  measure  at  the  standard 
temperature  ? 

273  +  20    :    273  +  0    :  :    25    :    x.       Ans.  x  =  23-29  c.  i. 

In  stating,  therefore,  the  volume  of  a  gas,  it  must  in  all  cases  be 
corrected  (1)  to  standard  pressure  (30  in.  or  760  mm.),  the  bulk  of  the 
gas  varying,  according  to  the  law  of  Boyle,  "  inversely  as  the  pressure ;  " 
and  (2)  to  standard  temperature  (0°  C),  the  bulk  of  the  gas  varying, 
according  to  the  law  of  Charles,  ''directly  as  the  temperature." 


Molecular  Combination.    Combination  by  Volume. 
Doctrine  of  Types. 

{1.)  A  molecule  of  hydrogen  g  |  is  represented  thus 
drogen  Type). 


H 


H 


One  of  the  H  atoms  of  the  molecule,  may  be  replaced  by  one  or 
other  of  the  haloid  elements  (CI,  Br,  I,  F),  to  form  a  hydracid  ;  thus— 


H 

+ 

CI 

H 

CI 

or  1  +  35-5 


36-5. 


1  vol.     +      1  vol.       =         2  vols. 
Such  acid  may  be  represented  as  the  combination  of  2  volumes  of 
chlorine  (1  molecule)  with  2  volumes  (1  molecule)  of  hydrogen,  four 
volumes  of  hydrochloric  acid  gas  resulting  


H 

H 

+ 

CI 

CI 

HCl 

iHCl 

HCl 

HCl 

,.<.,^ot/c,  1  t^uiume  oj  one  gas  combines  with,  one  volume  of  a  second  gas, 
no  condensation  results;  that  is,  the  bulk  of  the  compound  formed  is  the 
same  as  the  hulk  of  the  two  gases,  and  the  weight  as  the  weight  of  the  two 
gases  from  which  it  was  produced.    The  fact,  therefore,  is  that— 
1  hire  of  chlorine  +  1  litre  of  hydrogen  =  2  litres  of  hydrochloric  acid  gas. 

Or,  in  other  words,  a  given  bulk  of  hydrochloric  acid  gas  is  one-half 
hydrogen  and  one-half  chlorine.  The  same  is  also  true  of  hydriodic 
acid,  hydrobromic  acid,  &c.,  bodies  formed  on  the  hydrogen  type. 

(2-)  jj  I  O  represents  a  molecule  of  water  {Water  Type). 

Whenever  2  volumes  of  one  gas  combine  tvith  1  volume  of  another  gas, 
they  suffer  condensation  to  the  extent  of\  ;  that  is,  the  hulk  of  the  compound 
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formed  is  only  -j  that  of  the  orginal  gases  from  which  it  was  produced, 
nevertheless  the  weight  of  the  two  volumes  so  formed,  is  the  total  weight  of 
the  three  volumes  that  formed  them.    Thus — 


H  :  H 

+ 

0 

2  vols. 

+ 

1  vol. 

2  vols. 

or  2  +  16  =  18. 


This  again,  constitutes  a  type  of  another  group  of  compounds,  such 
as  HgS,  HgSe,  etc. 
H  I 

(3.)  H  >N  represents  a  molecule  of  ammonia  gas  {Ammonia  Type). 
H  j 

Whenever  3  volumes  of  one  gas  combine  with  1  volume  of  another  gas, 
they  suffer  condensation  to  the  extent  of  that  is,  the  bulk  of  the  com- 
pound formed  is  only  one-half  that  of  the  original  gases  from  which  it  was 
produced,  nevertheless  the  \oeight  of  the  two  volumes  so  formed,  is  the  total 
weight  of  the  four  volumes  that  formed  them.    Thus — 


H 

H 

H 

+ 

N 

N 

H3 

or  3  +  14  =  17. 


3  vols. 

H 
H 


+ 


1  vol.  - 


2  vols. 


(4.)  jj  >  C  represents  a  molecule  of  marsh  gas  {Harsh  Gas  Type). 
H) 

Whenever  4  volumes  of  one  gas  combine  with  1  volume  of  another  gas, 
they  suffer  condensation  to  the  extent  of  ^ that  is,  the  five  volumes,  after 
combination,  only  measure  two  volumes,  nevertheless  the  weight  of  the  two 
volumes  so  formed,  is  the  total  weight  of  the  five  volumes  that  formed  them. 
Thus— 


H 

H 

H 

H 

+ 


c 


c 


or  4  +  12  =  16. 


4  vols. 


+      1  vol. 


2  vols. 


It  would  thus  appear  that  the  molecules  of  compound  bodies  in  the 
gaseous  state,  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas  ; 
all  compounds,  no  matter  what  the  number  of  atoms  or  volumes  may 
be  of  which  they  are  composed,  becoming  condensed  mto  2  volumes. 

Relative  Weights  of  Compound  and  Elementai-y  Gases. 

By  the  Spedfic  Gravity  of  a  gas  we  imply  its  weight  compared  with 
air. 

By  the  relative  weight  of  a  gas  we  imply  its  weight  compared  with 
hydrogen. 

(a.)  In  the  case  of  the  elementary  gases,  it  is  manifest  that  their 
at07nic  weights  must  be  also  their  relative  weights.    A  given  volume  of 
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oxygen  weighs  16  times  as  much  as  a  similar  volume  of  hydrogen  ;  

16,  therefore,  is  the  relative  weight  of  oxygen. 

(/3.)  In  the  case  of  compound  gases  it  must  be  remembered  that  after 
combination  two  volumes  are  formed.  Hence  the  relative  weight  of 
any  compound  gas  is  the  sum  of  the  weights  of  the  component 
elements  divided  by  2.  For  example,  a  volume  of  hydrogen  (1)  and  a 
volume  of  chlorine  (35-5)  form  two  volumes  of  hydrochloric  acid 

gas.  Hence  {-^j  18*25  in  the  relative  weight  of  hydrochloric 
acid  gas  in  other  words,  hydrochloric  acid  gas  is  18-25  times  heavier 
than  hydrogen.     Similarly  water  gas  is  9  times  heavier  than 

hydrogen,  and  ammonia  gas  (^y)  8-5  times,  and  marsh  gas  (~-^ 

8  times  heavier.  These  numbers,  therefore,  constitute  the  relative 
weights  of  these  compound  gases. 

Unit  of  Volume.— The  Crith.— Hyd  rogen,  being  the  lightest 
known  gas,  is  regarded  not  only  as  the  unit  of  weight,  but  as  the  unit  of 
volume.  A  litre  of  hydrogen  weighs  0-0896  grm.  (exactly  0-089578 
grm.),  this  number  being  called  a  crith  {Kpidri,  a  barleycorn). 

(a.)  The  weight  of  a  litre  of  any  elementary  gas,  is  found  by  multi- 
plying 0-0896  grm.  (i.e.,  the  weight  of  a  litre  of  hydrogen)  by  its  atomic 
weight.    Thus—  &    /  ^ 

1  litre  of  oxygen  weighs  0-0896  x  16  =  1-433  grm. 

1  litre  of  nitrogen     „     0-0896  x  14  =  1-254  grm. 
100  cubic  inches  of  hydrogen  at  60°  F.  and  30  inches  Bar.  Pr. 
weigh  2-143  grains.    The  weight  of  100  cubic  inches  of  any  elemen- 
tary gas  at  similar  temperature  and  pressure  is  found  by  multiplying 
this  number  by  the  atomic  weight. 

_  (/3.)  The  weight  of  a  litre  of  any  compound  gas  is  found  by  multiply- 
ing 0-0896  grm.  by  half  its  molecular  weight,  the  molecular  weight  repre- 
sents two  volumes.  [So  also  the  weight  of  100  cubic  inches  of  any 
compound  gas  at  60°  F.  and  30°  Bar.  is  found  by  multiplying  2-143 
grams  by  half  its  molecular  weight.]  Thus— 

1  litre  of  water  gas        (mol.  wt.  1 8)  weighs  0-0896  x   9=0-806  grm. 
1  itre  of  carbonic  anhyd.  (mol.  wt.  44)     „     0  0896  x  22=1  -917  grm 
1  litre  of  marsh  gas        (mol.  wt.  16)     „     0-0896  x    8=0-716  grm. 

II.  A  gramme  (15-432  grains)  of  hydrogen  at  0°  C.  and  at  760  mm. 
measures  11-2  litres.    Therefore  the  atomic  weights  of  the  elemen- 
ary  gases,  and  half  the  molecular  weights  of  the  compound  gases, 
represent  m  grammes  the  quantity  necessary  to  occupy  11-2  litres, 
(a.)  1  grm.  of  hydrogen  measures  11-2  litres. 
16  grms.  of  oxygen       „       11-2  litres. 
14     „    of  nitrogen      „      11-2  litres. 
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(j6.)   9  {i.e.  18  -r-  2)  grms.  of  water  gas  measure  11-2  litres. 

22  (z.e.  44 -r- 2)     „     of  carbonic  anhydride  measure  11-2  litres. 
8  {i.e.  16  -T-  2)     „     of  marsh  gas  measure  11-2  litres. 

Relation  between  Atomic  Weights  and  Specific  Gravity. 

Atomic  Volume —So  far  as  solids  and  liquids  are  concerned,  no  simple, 
if  even  any  definite  relationship  has  as  yet  been  traced  between  atomic 
weights  and  specific  gravities.  As  regards  solids,  the  researches  of 
Schroder  and  Kapp  seem  to  suggest  that  in  isomorphous  groups  the 
atomic  volume  (that  is,  the  atomic  weight  divided  by  the  specific 
gravity)  gives  approximately  the  same  results.  As  regards  liquids  the 
subject  is  involved  in  even  still  greater  obscurity. 

In  the  case,  however,  of  both  simple  and  compound  gases  the  relation- 
ship is  definite,  and  obedient  to  fixed  rules  : — 

(a.)  In  the  case  of  elementary  gases  and  vapors.  The  atomic  weights 
of  the  elements,  we  have  said,  represent  equal  vnlumes  of  the  elements  at 

=  1  ;  then 


the  same  temperature  and  pressure.     Thus,  if 


H 


O 


=  16  and 


N 


=   14.     Or,  to  state  the  same  truth  in 


another  way,  1  grain  of  hydrogen,  16  grains  of  oxygen,  and  14  grains 
of  nitrogen  occupy,  temperature  and  pressure  being  uniform,  46-663 
cubic  inches.  If,  then,  we  regard  hydrogen  as  1,  and  employ  it  as  our 
standard  of  comparison,  it  is  manifest  that  the  atomic  iveights  of  the 
elementary  gases  and  vapors  are  also  their  relative  weights,  hydrogen 
being  regarded  as  the  standard  of  comparison. 

But  in  stating  specific  gravities,  air,  and  not  hydrogen,  constitutes 
the  standard  of  comparison,  it  being  regarded  as  equal  to  1.  Air 
having  a  specific  gravity  of  1,  hydrogen  is  found  to  have  a  specific 
gravity  of  0-0693  ;  that  is,  the  specific  gravity  of  air  as  compared  to 
hydrogen  is  as  1  to  0-0693.  Therefore,  to  find  the  specific  gravity  of 
any  elementary  gas  or  vapour,  all  that  is  necessary  is  to  multiply  its 
atomic  weight  by  0-0693,  the  specific  gravity  of  hydrogen.  For 
example — 

To  find  the  specific  gravity  of  oxygen,  chlorine,  and  nitrogen  : 

0-0693  X  16  (atomic  weight  of  oxygen)  =  1-1088  Sp.  Gr.  of  oxygen. 
0-0693  X  35-5  „  of  chlorine)  =  2-4601,     „      of  chlorme. 

0-0693  X  14     (         ,,  of  nitrogen)  =  0-9702,     „     of  nitrogen. 

There  are  the  following  exceptions  to  be  noted  to  this  rule— 
(1  )  The  vapour  densities  of  phosphorus  and  arsenic  compared  to 
hydrogen  are  twice  their  atomic  weights  ;  therefore,  in  estimating  the 
specific  gravities  of  these  bodies  the  atomic  weights  must  be  doubled- 
.^ato.nie.eightofp2.us..^^^^ 

(2.)  The  vapour  densities  of  mercury,  zinc,  and  cadmium  comv^xQ^  to 
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hydrogen,  are  one-half  their  atomic  weights  ;  therefore,  in  estimating 
the  specific  gravity  of  these  bodies  the  atomic  weights  must  be 
halved — 

200  =  atomic  weight  of  mercmy ;  0-0693  X  =  6-93  Sp.Gr.  of  mercury  vapor. 

11^=  »          of  cadmium;  0-0693  X   (~)  =  3-8808  Sp.Gr.  of  cadmium  „ 

(fi.)  In  the  case  of  compound  gases  and  vapors.— The  molecule  of  a 
compound  body,  it  must  be  remembered,  is  always  twice  that  of  the 
hydrogen  atom.    Therefore — 

Molecular  weight  X  0-0693 


Examples 
HGl 


H3N 


CO2 


or  Relative  weight  X  0-0693  =  Sp.  Gr. 


2 

0-0693 

X  18  (OH,) 

2 

0-0693 

X  17  (NH,) 

2 

0-0693 

X  44  (CO2 

•  gas. 


.  gas. 


Exceptions  in  the  case  of  certain  bodies  must  be  noted  :— 

Ammonic  chloride  (NH4CI)  has  a  vapour  density  of  0-89  (air  =  1) 
This  corresponds  to  the  formula  NiHgCli. 

Phosphoric  chloride  (PCI5)  has  a  vapor  density  of  3-65  This 
corresponds  to  the  formula  PiClL 

Ammonic  carbamate  (NgHgCOo)  has  a  vapor  density  of  0-89  This 
corresponds  to  the  formula  N^HgC-O.. 

These  three  bodies,  however,  undergo  dissociation  or  partial  decom- 
position when  volatilized,  NH.Cl  breaking  up  into  NH,  +  HCl  PCI 
into  PCI3  +  Cl„  and  N.HaCO,  into  (NH3),  +  CO,.  Thus  the 
experimental  vapor  densities  must  be  considered  in  relation  to 
dissociation.  It  is  worth  noting  that  the  products  of  dissociation  in 
the  three  cases  named  recombine  on  cooling,  a  circumstance  that  has 
not  lessened  the  difficulty  of  these  exceptions.    (Page  15.) 

Relation  between  Atomic  Weights  and  Snecific  Hpaf ^  — 

is  the    „  oj  ,ea%  that  a  bo^'ouf  oTt'fies 
in  whilst  passing  from  one  temperature  to  another.    This  is  ordinarily 

weights  of  bodies  to  a  given  temperature. 

For  comparison,  the  standard  adopted  is  the  quantity  of  heat  required 
to  raise  1  grm.  of  water  from  0°  «o  1°  C.  ^equtiea 

IrTlt     ^'^"1  "'^^^"-^  I*  -  clear,  tLei 

lore,  that  to  raise  1  grm.  of  water  from  0°  C.  to  100°  C,  or  2  grms 

of  water  from  0°  to  50°  C.  would  respectively  require  100  unifs  of 
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Water  is  chosen  for  purposes  of  comparison,  because  (excepting 
hydrogen)  it  requires  more  heat  to  raise  its  temperature  than  any  other 
known  substance. 

When  we  say,  therefore,  that  the  specific  heat  of  iron  is  equal  to 
0-1138  and  that  of  hydrogen  to  3-4090,  we  imply  that  if  it  would 
take — 

1  -000  unit  of  heat  to  raise  1  grm.  of  water  1°  C.  ;  it  would  require 
0-1138       „         „  1  grni.  of  iron  1°  C.  ;  or 

3-4090       „         „  1  grm.  of  hydrogen  1°  C. 

It  would  seem  that  the  capacities  for  heat  of  the  atoms  of  different 
elements  in  the  solid  state  are  equal,  for  it  is  found  that  although  the 
numbers  obtained  as  the  specific  heats  of  different  bodies  are  dissimilar, 
there  is  a  marked  uniformity  in  the  products  of  the  specific  heats  of 
bodies  when  multiplied  by  their  several  atomic  weights.  This  number 
is  termed  the  atomic  heat  of  the  body,  and  in  the  case  of  the  elementary 
bodies  commonly  varies  between  6  and  7-  Probably  this  slight  want 
of  uniformity  depends  on  inaccurate  determinations  of  specific  heat. 
The  important  influence  of  specific  heat  in  controlling  and  determining 
the  atomic  Aveights  will  be  evident. 


Specific  Heats  of  certain  Elementary  Bodies. 


Elements. 


Lithium.. 
Sodium  . .  •  . . 
Aluminium  . . 
Phosphorus  . . 
Sulphur . . 
Potassium  . . 
Iron 

Nickel  . . 
Cobalt  ..  .. 
Copper  . . 
Zinc 

Arsenic  . . 
Selenium 
Bromine  (solid) 
Palladium    . . 
Silver    . . 
Cadmium 
Indium  . . 

Tin  

Antimony 
Iodine    . . 
Tellurium 
Gold     . .    . . 
Mercury 
Thallium 
Lead 
Bismuth 


Specific  Heat. 
(Water  =  1). 


Atomic 
Weights. 


94 

7 

29 

23 

21 

27 

17 

31 

16 

32 

17 

39 

11 

56 

10 

58 

10 

58 

094 

63- 

094 

65- 

081 

75- 

075 

79 

084 

80 

0593 

105 

056 

107 

0567 

112 

0570 

113 

0662 

118 

051 

120 

0641 

127 

0474 

128 

0324 

196 

0319 

200 

034 

204 

0314 

206 

031 

208 

Atomic  Heat 
(Sp.  Heat  X 
At.  Weight.) 


6-1 
5-9 


7 

2 
0 

35 
46 
63 
1 

87 

06 

3 

■4 

•9 

•4 

•4 


ATOMICITY. 


47 


It  will  be  seen  that  the  specific  heats  of  these  several  bodies 
multiplied  hj  their  atomic  weights,  produce  an  almost  constant 
product.  We  may  conclude  from  this  that  probably  all  atoms  require 
the  same  amount  of  heat  to  raise  their  temperature  one  degree.  This 
result  accords  with  the  surmises  of  Dulong  and  Petit,  who  thought 
that  the  atoms  of  all  elementary  bodies  had  the  same  atomic  weight. 

Thus  far  the  law  may  be  stated  as  follows  :  "  The  specific  heats  of 
elementary  bodies  is  inversely  as  their  atomic  weights. 

There  are  some  apparent  exceptions.  The  results,  however  ob- 
tamed  by  Professor  Weber,  point  to  the  fact  that  at  high  tempera- 
^ires  some  at  least  of  the  exceptions  obey  the  law  of  Dulono-  and 
Petit.    ("Quarterly  Journal  of  Science,"  Jan.,  1876.)       '  ' 

Newman,  in  1831,  showed  that  the  specific  heats  of^dm^^OMwc? 
bodies  of  similar  atomic  composition  and  constitution  also  vary  in 
Tersely  as  the  atomic  weights-in  fact  that  similar  compounds  have 
the  same  molecular  heats,  "molecular  heat"  being  the  product  of 
molecular  weight  multiplied  by  specific  heat.  Thus— 


Mol.  Weight. 

Specific  Heat. 

Mol.  Heat. 

Chloride  of  Lithium  . 
Chloride  of  Sodium  . 
Chloride  of  Potassium 
Chloride  of  Silver 

42-5 
58-5 
74-6 
143-2 

0-2821 
0-2140 
0-1730 
0-0911 

12- 
12-5 

12-  9 

13-  0 

Further,  it  would  appear  that  in  many  cases,  although  not  without 
exception,  the  molecular  heat  of  a  compound  body  is  the  sum  of  the 
atomic  heats  of  its  constituent  elements. 

Of  Dulong  and  Petit's  law  regarding  atomic  heat  the  exceptions  are 
mostly  m  the  case  of  the  elements  of  low  atomic  weight  and  low 
atomic  volume,  whilst  in  Newman's  law  regarding  molecular  heat,  the 
rule  IS  less  certain,  and  is  specially  variable  where  the  number  of  atoms 
m  the  molecule  is  large. 

Relation  between  molecular  weight  and  boiling  pom<.— Such^relation- 
«hip  can  scarcely  as  yet  be  regarded  as  proved.  At  any  rate,  if  there 
seems  to  be  a  law  for  a  series,  or  for  a  few  terms  of  one  series,  it  does  not 
apply  beyond  It.  It  has  been  shown,  however,  that  for  every  difference 
or  iQ  the  lower  terms  of  the  normal  alcohols  of  ail,  ,  .HO 
Wiila  a  difference  of  19-5°  C.  occurs  per  term  in  the  X^oli^^^^^^t, 
whilst  for  every  difference  of  CH,  in  the  lower  terms  of  the  normal 
fatty^acids  of  the  formula  C„H,„  ^  ,  (COOH),  the  difference  is  about 

Atomicity  or  Quantivalence.— The  terms  quantivalence  (quanti 
and  valeo)  dynamicity,  or  atomicity  imply,  that  although  the  symbol  of 
an  element  (such  as  O,  N,  etc.),  represents  an  atom  of  that  element, 
tiieatom  having  an  unchangeable  re^a<^z;e  weight  (for  of  i\xo  absolute 
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weights  of  the  atoms  we  know  nothing  with  certainty),  nevertheless, 
that  such  symbol  does  not  express  "the  valence,"  or  "  chemical  value'' 
of  such  atom,  this  power  varying  with  different  bodies. 

Thus  in  hydrochloric  acid  (HCl),  one  chlorine  atom  is  satisfied  with 
(has  one  point  of  attraction  for,  or,  in  other  words,  has  the  same  value 
as)  one  hydrogen.  Under  no  circumstances  can  one  of  chlorine  combine 
with  more  than  one  of  hydrogen.  But  in  water  (H^O)  we  find  that  one 
oxygen  atom  is  not  satisfied  with  less  than  than  2  of  hydrogen,  whilst 
in  marsh  gas  (CH4)  one  carbon  atom  is  not  satisfied  with  less  than 
4  of  hydrogen.  Thus  it  is  evident  that  the  power  of  carbon,  as 
represented  by  the  symbol  C,  is  chemically  equal  to  4  hydrogens,  the 
symbol  0  to  2  hydrogens,  and  the  symbol  CI  to  1  hydrogen.  The 
terms  quantivalence,  dynamicity,  or  atomicity  express,  therefore,  the  fact 
that  an  atom  of  one  element  may  be  chemically  equal  to,  and  have  the 
power  of  fixing,  one  or  more  atoms  of  other  elements. 

The  value  or  atomicity  of  elements  is  often  represented  by  lines  or 
bonds,  expressive  of  what  Frankland  calls  its  atom-fixing  power. 

Thus,    CI—,   — O— ,  — C— ,  represent  graphically  chlorine  as  a 

monad  with  one  bond,  oxygen  as  a  dyad  with  two  bonds,  and  carbon 
as  a  tetrad  with  four  bonds.  Chlorine,  we  know,  can  only  fix  one 
atom  of  hydrogen  to  form  a  molecule  of  HCl  (thus  CI— H=:HC1), 
whilst  oxygen  can  fix  two  hydrogen  atoms  to  form  a  water  molecule 
(H-0— H=0H2),  and  carbon  can  fix  four  hydrogen  atoms  to  form  a 

H 

marsh  gas  molecule  (H-0-H=CH,)  (graphic  formulae).   Thus  the 

H 

lines  are  graphic  expressions  of  the  atomicity  of  a  body,  and  are  to 
be  regarded  as  pictures  representing  the  number  of  bonds,  and  how 
they  are  severally  utilised.  Graphic  formulae,  however  (like  symbolic 
formuliB),  convey  no  indication  of  potential  energy. 

No  element  can  exist  with  its  bonds  unconnected  or  dissatisfied.  It 
is  clear,  therefore,  that  the  molecule  of  any  element  possessing  an 
uneven  number  of  bonds  {i.e.,  being  a  perissad)  must  consist  of  two 
or  more  atoms  united.  You  cannot  have  hydrogen  in  a  free  state 
thus-H  ;  but  you  can  have  it  thus,  H— H.  Hence  we  regard  Hs 
as  the  hydrogen  molecule,  and  not  H.  In  the  case  of  an  artiad,  i.e.,  an 
element  possessing  an  even  number  of  bonds,  it  is  possible  to  conceive 
the  molecule  to  consist  of  one  atom  {monatomic),  inasmuch  as  the  bonds, 
by  combining  amongst  themselves,  may  satisfy  each  other,  and  so 
become  latent. 

Glyptic  formulce  are  merely  material  illustrations  of  graphic  formulae, 
where  atoms  are  represented  by  balls,  and  lines  by  wires. 


Atomicity. 
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Method  of  Determining  the  Quanti valence  or  Atomicity  op 

A  Body. 

Agreeing  to  understand  bj  the  quantivalence  of  a  body,  tbe  number 
o±  univalent  atoms  Avith  which  the  symbol  representing  its  atomic 
weight  may  unite,  we  determine  this  quantivalence  in  such  ways  as 
tne  lollowing  : —  '' 

(1.)  By  the  number  of  hydrogen  atoms  loith  which  a  body  can  combine  to 
form  a  molecule. 

Example.  1  of  hydrogen  combines  with  1  of  chlorine.  Therefore 
the  valence  of  chlorine  =  the  valence  of  hydrogen. 

(2.)  If  an  element  will  not  combine  with  hydrogen,  but  will  combine  with 
chlorine  its  valence  may  then  be  determined  by  the  number  of  chlorine  atoms 
loitfi  which  It  will  combine  to  form  a  molecule. 

Example.    1  atom  of  silver  (ifg)  combines  with  1  atom  of  chlorine 
and  m  that  proportion  only.    But  silver  will  not  combine  with  hydro- 
gen.   Inasmuch,  however  as  1  of  chlorine  combines  with  1  of  hvdro- 
gen  and  1  of  chlorine  with  1  of  silver,  we  infer  that  if  silver 
could  be  made  to  combine  with  hydrogen,  it  would  do  so  in  the  pro- 

tCelcIs  thu^      '^'^^^^^      '  -I^ess 

(1)  The  valence  of  silver  =  the  valence  of  chlorine- 

TK     f      ?X         ^''^''''^      ^^^''"^^  =  of  hydrogen  : 

Therefore  (3)  The  valence  of  silver  =  the  valence  of  hydrogef. 

It  will  thus  be  seen  that  hydrogen,  chlorine,  and  silver  are,  so  far  as 
atomicity  is  concerned,  equivalent. 

JLt;r'"''"  '^'^'^^  ^  '''^  ^^^^^^^^  -^^--^  - « 

JTTZ'  ^"'^  -  -ade  up  of  2  atoms  of  hydrogen 

oy  an  alkahne  metal,  such  as  potassium.    Thus—  - 

value  (or  valence)  of  potassium  is 

Place^of  hvir;"  "'^"r;  'T'  ^"""^  "^"^  b^  ^^^^  to  t-ke  the 
f  atom  of  7'"'  ^  "'''^^  '^'^^^  circumstances  it  will  be  found  that 
Tht?^  of  these  elements  is  equivalent  to  2  atoms  of  hydrogen. 

h]  0  =  1120;  Ca"0  (not  Ca„0);  Zn"0  (not  Zn^O). 

^^iZ:t72i 1 1  '\  ^^^^  ^^^^^^^  ^^^-^-^ 

molecule;  "'^^^  ^'P^'^^^^  2  of  hydrogen  in  a 


E 
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Looking,  therefore,  at  these  facts,  it  is  clear  that  the  elements  have 
very  different  values  in  their  capacities  for  substitution  displacement. 
Agreeing  to  regard  hydrogen  as  our  standard  unit  of  atomicity,  it  is 
evident  that  the  elements  are  susceptible  of  arrangement  into  groups,  as 
follows : — 

Group  I. 

Univalent  elements ;  that  is,  1  atom  in  chemical  exchange  is  equal  in 
value  to  1  atom  of  hydrogen  or  other  univalent  element.  Such  bodies 
are  called  monad  elements. 

Group  TI. 

Divalent  elements ;  that  is,  1  atom  ra  chemical  exchange  is  equal  to, 
and  mav  replace,  either  (a)  2  atoms  of  hydrogen,  or  2  atoms  of  any  other 
monad;  or  (6)  1  atom  of  any  other* divalent  element.  Such  bodies 
are  called  dyad  elements. 

Group  III. 

Trivalent  elements ;  that  is,  1  atom  in  chemical  exchange  is  equal  to 
(a)  3  atoms  of  hydrogen  or  other  monad  element  ;  or  to  {b)  1  atom  of  a 
divalent  element  +  1  atom  of  a  monad  element.  Such  bodies  are 
called  triad  elements. 

Group  IV. 

Quadrivalent  elements  ;  that  is,  1  atom  in  chemical  exchange  is  equal 
to  (a)  4  atoms  of  hydrogen  or  other  monad  element;  or  to  (&)  2  atoms 
of  oxygen  or  other  dyad  element  ;  or  to  (c)  1  atom  of  a  dyad  +  2  atoms 
of  a  monad  element ;  or  to  {d)  1  atom  of  a  triad  +  1  atom  of  a  monad 
element.    Such  bodies  are  called  tetrad  elements. 

Groups  v.,  VL,  VII.,  VIII.,  Etc. 

Quinquivalent,  hexivalent,  etc.,  elements  ;  that  is,  1  atom  ia  chemical 
exchange  is  equal  to  5,  6,  or  more  atoms  of  hydrogen  or  their  equivalent 

respectively.  .  .  .  p 

We  borrow  the  following  diagram,  representmg  the  atomicity  of  the 
elements,  from  Frankland  and  Japp's  "  Chemistry."  The  non-metals 
are  printed  in  thick  type,  and  the  metals  in  ordinary  Roman  type :- 
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Monads. 


I. 

Hydrogen, 


1 1. 

Fluorine. 
Chlorine. 
Bromine. 
Iodine. 


Dyads. 


I. 

Oxygen. 


HI. 

Cresinm. 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 


IV. 

SiU-er. 


II. 
Barium. 
Strontium 
Calcium. 
Magnesium 
Zinc. 

BeryUium 


III. 

Cadmium. 

Mercury. 

Copper. 


Triads. 


I. 

Boron. 


II. 


Gold. 


III. 

Thallium. 
Indium. 


IV. 

Lanthanum 

Yttrium. 

Erbium. 

Decipium. 

Samarium. 

Scandium. 


Tetrads. 


I. 

Carbon. 
Silicon. 
Tin. 

Titanium. 
Thorium. 
Zirconium. 


IL 
Gallium. 
Aluminium 


III. 
Ceilum. 


IV. 

Platinum. 
Iridium. 
Palladium. 
Rhodium. 


V. 

Lead. 


Pentads. 

Hexads. 

Heptads. 

Ootads. 

I_ 

T 

T 
1. 

T 
i. 

Nitrogen, 
Phospho- 
rus. 
Vanadium. 

Sulphur. 

Selenium. 

Tellurium 

Chlorine. 
Bromine. 

Ruthenium 
Osinium. 

Arsenic. 

Antimony. 

Bismuth. 

Niobium. 

Tantalum. 

IL 

Uranium. 
Tungsten. 
Molybde- 
num. 

Usually  re- 
garded as 
monads. 

IL 

III. 

Chromium . 

Manganese. 

Iron. 

Cobalt. 

Nicljel. 

Didymium. 

Although  we  arrange  elements  in  their  several  classes  according  to 
their  values  as  best  we  know  them,  it  must  not  be  supposed  that 
atomicity  is  a  fixed  quantity.  The  valence  of  an  element  may  vary: 
Carbon,  for  example,  in  marsh  gas  is  a  tetrad  (C'^H^).  So  also  it  is 
quadrivalent  in  carbonic  anhydride  (Ci^Os),  whilst  in  carbonic  oxide 
(C*0)  it  plays  the  part  of  a  dyad.  Nitrogen,  again,  may  act  as  a  monad, 
as  m  NgO,  or  as  a  triad,  as  in  NHg,  or  as  a  pentad,  as  in  NH4CI. 
Admitting  that  these  variations  are  difficult  of  explanation  and 
somewhat  interfere  with  general  conclusions,  we  may  note,  as  Dr. 
Frankland  remarks,  that  the  variation  always  takes  place  by  the  dis- 
appearance or  development  of  an  even  number  of  bonds.  Thus  nitro- 
gen may  be  a  monad  (— N),  a  triad  (— N— ),  or  a  pentad  ) ;  it  is 


never  a  dyad,  or  a  tetrad.    Carbon  may  be  a  dyad  (— C— ),  or  a  tetrad 

)'  is  never  a  monad  or  a  triad.    In  short,  a  perissad  is 

never  an  artiad,  nor  an  artiad  a  perissad.  Dr.  Frankland  explains 
these  variations  by  supposing  tbat  some  of  the  bonds  unite,  and, 
navmg   saturated  each  other,  become  latent.    Thus  nitrogen  with 

Its  five  bonds  (  N  )  becomes  a  triad  by  the  union  of  two  ;  thus 

\    N    ),  or  a  monad  by  the  union  of  four  (    N    ).    In  this  way 

E  2 
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Frankland  distinguishes  between  late^it  atomicity,  or  the  number  of 
conjoined  bonds ;  active  atomicity,  or  the  total  number  of  bonds  in  actual 
combination  with  other  elements  ;  and  absolute  atomicity,  the  sum  of 
the  latent  and  the  active  atomicities.  Whenever  an  element  is  fully 
saturated,  that  is,  has  received  its  full  value  of  other  elements,  the 
body  so  formed  is  more  stable  than  when  its  valence  is  not  fully  satis- 
fied. Hence  the  true  valence  of  an  element  is  always  indicated 
by  the  largest  number  of  hydrogen  or  other  monad  elements  with 
which  it  can  combine.  The  valence,  moreover,  must  not  be  deter- 
mined from  oxides  or  from  sulphides,  because  each  dyad,  made  up  as 
it  is  of  two  units  of  equivalency,  neutralises  one  unit  in  the  compound 
it  enters,  and,  by  introducing  a  second  unit,  leaves  the  equivalence  as 
it  was  before. 

For  convenience  these  several  groups  are  divided  under  the  two 
heads  of  Odds  and  Evens  : — 

r  Monads. 

7    /  V  )  Triads. 

(1.)  Odds  or  Perissads  (Trepiffffoc,  oaa)  /  Pentads. 

(  Heptads 

f  Dyads. 

,      J  Tetrads. 

(2.)  Evens  or  Artiads  (apnoc,  even)     <  Hexads. 

(  Octads. 

The  quanti valence  of  bodies  is  usually  denoted  by  placing  dashes 
or  Roman  figures  to  the  right  of  the  symbol.  Thus,  H'  with  one 
dash  means  that  hydrogen  is  a  monad  ;  O"  with  two  dashes,  that  oxygen 
is  a  dyad  ;  while  C'^  shows  carbon  to  be  a  tetrad,  and  so  forth. 

The  Periodic  Law.— In  1864,  Newlands,  under  the  phrase  "Law 
of  Octaves,"  suggested  that  the  properties  of  elementary  bodies  varied 
periodically  with  their  atomic  weights.  In  1869  Mendeleef  gave 
greater  precision  to  this  idea  of  periodicity,  formulating  the  general 
law  that  "  The  properties  of  the  elements  are  a  periodic  function  of  their 
atomic  weights.  Further,  he  extended  the  application  of  the  law  to  the 
correction  of  doubtful  atomic  weights  and  the  prediction  of  new 
elements. 

Mendeleef's  table  is  as  follows  : — 


-I 
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It  will  be  seen  that  the  elements  are  arranged,  in  the  order  of  their 
atomic  weights,  in  horizontal  lines.    Each  horizontal  line  is  numbered 
with  Arabic  numbers  (1,  2,  3,  etc.),   and  is  termed  a  "series    or  ^ 
"period."    No  special  similarity  of  property  is  apparent  between  the 
various  elements  of  one  series  or  period  arranged  on  a  single  horizontal 
line,  such  as,  for  example,  those  on  line  2,  which  includes  lithmm, 
beryllium,  boron,  carbon,  nitrogen,  oxygen,  and  fluorine.    But  havmg 
thus  tabulated  the  whole  of  the  elements  in  twelve  horizontal  lines, 
from  left  to  right,  a  well-marked  relationship  will  be  noted  when  we 
compare  together  the  elements  that  arrange  themselves  m  the  eight 
vertical  columns.    Each  vertical  column  is  numbered  with  a  Roman 
number  (I.,  IL,  HI-,  etc.),  and  is  termed  a  "group"  or  "family. 
Thus,  lithium,  sodium,  potassium,  rubidium,  cassium,  which  occur  in 
the  first  vertical  column  (Group  I.),  or  magnesium,  calcium,  strontium, 
barium,  which  occur  in  the  second  column  (Group  II.),  are,  respec 
tively,  closely  allied  elements.    Thus  it  would  seem  that  there  is  a 
periodic  variation,  the  like  changes  of  character  tlmt  occur  in  the 
elements  in  one  horizontal  line  being  repeated  in  each  of  the  remaimng 

horizontal  lines.  .  , 

Mendeleef  further  points  out  that  there  are  two  kinds  of  periods, 
the  one  following  the  even  Arabic  numbers  of  his  table,  and  the  other 
the  odd.  For  example,  in  Group  II.  beryllium,  calcium,  strontium  and 
barium  belong  to  the  even-numbered  series  (2,  4,  6,  and  8),  whilst 
magnesium,  zinc,  cadmium,  and  mercury  belong  to  the  odd-numbered 
serfes  (3,  5,  7,  and  11).  Thus,  he  subdivides  and  difierentiates  the 
properties  of  the  members  of  his  primary  groups. 
Some  few  further  points  must  be  noted— 

(1.)  That  the  quantity  of  oxygen  with  which  the  several  groups  can 
unite  increases  group  by  group.  Thus,  in  Group  I.,  R^O  ;  ^  Group  ii., 
R^Oe  ;  in  Group  III.,  R2O3,  etc.,  represent  the  several  oxides  of  the 

groups.  .     -  ,. 

(2.)  That  as  the  groups  progress  there  is  an  increase  in  the  quanti- 
valence  of  the  elements  falling  within  it,  Group  1.  being  composed  of 
monads.  Group  II.  of  dyads,  &c.    As  a  result,  odd  and  even  atomicity 

alternate  group  by  group.  , 
(3  )  That  in  Group  VIII.  three  elements  occur.  These  axe  termed 
by  Mendeleef  "transitional  elements,"  that  is,  elements  occurring 
between  the  even  and  the  odd  series  of  a  long  period  They  are  all  ot 
even  atomicity,  but  their  atomicity  decreases  with  the  rise  of  atomic 

'^7f)*That  the  law  of  periodicity  qud  chemical  properties  is  also  true 
qud  the  physical  properties,  of  the  elements  (noted  by  Lothar  Meyer). 
Two  examples  may  be  given — 

(a.)  The  para-magnetio  elements,  that  is,  the  elements  a"™"'^'"'? 
^  a  magnet  (viz.,  K,  C.  Ti,  Ce,  N,  O,  Cr,  U,  Mn,  Fe,  Co,  N,,  Eh, 


PERIODIC  LAW, 


55 


Pd,  Os,  Ir,  and  Pt)  are  found  in  the  even  series  or  periods  of 
the  table,  2,  4,  6,  &c.,  whilst  the  dia-magnetic  elements,  that  is, 
the  elements  repelled  by  a  magnet  (viz.,  H,  Na,  Cu,  Ag,  An, 
Zn,  Cd,  Hg,  Tl,  Si,  Sn,  Pb,  P,  As,  Sb,  Bi,  S,  Le,  CI,  Br,  I),' 
are  found  in  the  odd  series  or  periods,  1,  3,  5,  etc.,  of  the  table. 
(/3.)  Traversing  a  series  or  period  from  left  to  right,  a  gradation  of 
stages  will  be  noted,  from  the  most  electro-positive  element  to 
the  most  electro-negative. 

The  value  of  this  law  of  periodicity  is  more  particularly  to  be  seen 
in  two  directions — 

(a.)  In  the  prediction  of  new  elements.  This  results  from  observ- 
ing the  gaps  that  occur  in  the  tabulated  arrangement.  Thus, 
in  Group  III.,  5,  Mendeleef  predicted  an  element  (which  he 
named  EK-aluminium)  having  an  atomic  weight  about  68,  a 
specific  gravity  of  6,  and  capable  of  forming  a  sesquioxide 
(E2O3).    The  discovery  of  gallium  confirmed  his  prophecy. 

(/3.)  By  correcting  doubtful  atomic  weights.  This  results  from  a 
want  of  harmony  {i.e.,  that  the  groups  do  not  coincide  accurately 
with  the  series)  being  apparent  in  the  periods.  Thus  recalcu- 
lations of  the  atomic  weights  of  indium,  uranium,  molybdenum, 
and  tellurium  were  suggested  by  Mendeleef,  and  his  predictions 
respecting  them  were  for  the  most  part  confirmed.  {See  Index 
for  these  elements.) 

The  law  of  periodicity  is  still  hypothetical  ;  special  care  is  needed 
when  a  consistent  table  becomes  a  necessary  part  of  an  argument. 
As  yet  there  are  some  difficulties  to  be  overcome.  Berylhum,  e.g.,  all 
experiments  prove,  has  an  atomic  weight  of  13-6,  and  not  of  9,  Is  is 
shown  in  Mendeleef's  table. 


Chemical  Formulae. 

The  object  of  chemical  formulas  is  to  express  the  composition  and 
the  probable  constitution  of  a  chemical  substance.  Formulae  are 
of  two  kinds — 

(1.)  Experimental  or  empirical. 
(2.)  Theoretical  or  rational. 

I.  Experimental  or  Empirical  Formulae. 

An  empirical  formula  represents  merely  by  the  smallest  integers 
the  number  of  atomic  proportions  of  the  several  elements  present  in  a 
body.  ^  It  is  the  expression  of  the  actual  experimental  results  of 
analysis.  An  empirical  formula  in  no  way  represents  the  groupings 
of  tlie  elements.  We  give,  as  an  illustration,  the  determination  in  detail 
of  the  empirical  formula  for  raagnesic  sulphate. 
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(1.)  Determine  the  percentage  composition.     On  analysis,  we  should 
find  in  every  100  parts  of  magnesic  sulphate — 

Magnesic  oxide  (magnesia)         ...  16'26 
Sulphuric  anhydride         ...        ...  32'52 

Water   51  •22=100-00 

(2.)  Divide  the  numbers  thus  obtained  {i.e.,  the  percentage  numbers) 
severally  by  their  atomic  weights.  Thus,  40,  80,  and  18  represent  respec- 
tively the  atomic  weights  of  magnesia,  sulphuric  anhydride,  and  water. 
Therefore  — 

16-26  32-52  51-22 

_  =-406o  ;  _  =-406o ;  —  =2  845. 

(3.)  Reduce  the  quotients  to  their  simplest  expression.    Thus — 

Magnesia.       Sulphuric  anhydride.  "Water. 
The  ratio  of  the  numbers    0-4065  0-4065  2-845 

corresponds  to  1  1  7 

From  which  it  is  clear  that  the  relative  atomic  proportion  of  magnesia 
(MgO)  to  sulphuric  anhydride  (SO3)  is  as  1  to  1,  and  of  these  to  water 
(H2O)  as  1  to  7.  Thus,  MgO  +  SOa  +  HuOT  or  MgS0uHi4  represents 
the  experimental  or  empirical  formula  for  magnesic  sulphate.  Hence 
the  rules  to  determine  the  empirical  formula  of  a  body  may  be  thus 
summarised — 

(1 .)  Determine  by  analysis  its  percentage  composition. 

(2.)  Divide  the  numbers  so  obtained  by  their  atomic  weights. 

(3.)  Keduce  the  quotients  to  their  simplest  expression. 

IE.  Rational  or  Theoretical  Formula. 

Such  formulce  represent  not  only  the  elements  present  and  their 
atomic  proportions,  but  the  manner  (according  to  every  man's  views 
or  fancies)  in  which  the  elements  are  grouped.  Thus,  magnesic 
sulphate  may  be  written  MgO,  SO3,  7H2O,  or  MgS04,  HoO,  6H2O,  and 
in  many  other  ways.  It  may  be  judged,  if  different  opinions  exist 
as  to  the  exact  method  of  expressing  the  theoretical  formula  of  so 
simple  a  body  as  magnesic  sulphate,  what  a  play  there  is  for  imagina- 
tion in  the  expression  of  the  formulfB  of  complex  organic  bodies.  For 
example,  there  are  nineteen  different  ways  of  representing  acetic  acid 
(C2H4O2).    Such  formula  are  as  yet  merely  theoretical. 

Frankland  has  suggested  the  use  of  what  he  calls  constitutional 
formxdce,  with  the  notion  of  giving  some  idea  of  the  arrangement  of 
atoms  in  a  molecule.  In  a  constitutional  formula  the  symbol  of  the 
principal  element  is  placed  first,  thereby  denoting  that  the  several 
elements,  or  compound  radicals  following  it  on  the  same  line,  are  held 
to  it,  as  the  principal  element  of  the  molecule,  by  what  Frankland 
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terms  bonds.  We  may  regard  the  molecule  in  this  sense  as  a  family, 
and  the  prmcipal  element  as  the  parent  or  head  of  the  family. 
Farther,  to  distinguish  constitutional  formula  from  molecular  or 
empirical  formulas,  the  head  of  the  family,  or  the  principal  bond- 
holder or  bondholders  are  printed  in  thick  type. 

Substitution  {SubsUtutus,  put  in  another's  place). 

(A.)  Inorganic— Having  regard  to  the  molecular  constitution  of 
matter,  we  find  that,  in  mineral  chemistry,  the  several  constituents  of 
a  molecule  may  be  replaced  {i.e.  substituted)  by  their  equivalent  of 
other  bodies,  without  changing  the  typical  constitution  of  the  original 
molecule.    Thus — 

(1.)  g  I  represents  a  molecule  of  hydrogen. 

(a.)  One  hydrogen  atom  (monad)  of  this  hydrogen  molecule  may  be 
replaced  by  a  haloid  atom  (monad)  to  form  the  hydracids  ;  thus— 
HH;    HCl;    HBr;    HI;  HF. 

(/3).  One  hydrogen  atom  may  also  be  replaced  by  an  alkaline  metal, 
to  form  a  hydride. 

(2.)  jj  j-  O  (=H20)  represents  a  molecule  of  water. 

(a.)  One  or  both  hydrogen  atoms  of  this  loater  molecule  may  be 
replaced  by  an  alkaline  metal ;  thus — 

Hydrates^   Oxides. 

(/3.)  Two  hydrogen  atoms  may  be  replaced  by  one  of  a  dyad  ele- 
ment; thus— 

0;   Zn"0;  Ca"0 ;  Ba"0. 

_  (y.)  The  dyad  oxygen  may  be  replaced  by  the  dyads  sulphur,  sele- 
nium, or  tellurium  ;  thus—  ' 

h}°^  ilTe. 

(3.)  H  VN  (=NH3)  represents  a  molecule  of  ammonia. 
H  j 

(a.)  The  three  hydrogen  atoms  of  this  ammonia  molecule  may  be 
replaced  by  three  chlorine,  bromine,  or  iodine  atoms  ;  thus— 

NH3  ;    NCI3  ;  NBr,  ;  NI,. 
(/?.)  A  part  only  of  the  hydrogen  may  be  replaced  by  a  metal,  or 
by  a  compound  radical ;  thus— 

NH3;  NH2K  (Potassamide) ;  (SO„(NI-l2)2)  (Sulphamide). 
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(y.)  The  nitrogen  may  be  wholly  or  partially  replaced  by  phos- 
phorus, arsenic,  antimony,  and  perhaps  by  bismuth. 

(4).  ^  /-C  (=CH4)  represents  a  molecule  of  marsh  gas. 

h) 

Here  substitutions  are  endless,  as  we  shall  note  more  particularly 
under  orgaiaic  chemistry. 

(5.)  In  the  formation  of  salts,  the  hydrogen  of  an  acid  is  replaced 
by  one  or  more  atoms  of  a  metal  or  compound  positive  radical ;  thus — 

(a.)  Sulphuric  acid  contains  two  displaceable  atoms  of  hydrogen 
(H2SO4). 

1  hydrogen  may  be  displaced  by  1  of  potassium  (monad)  forming  HKSO^  {acid  salt.) 

2  hydrogens     „  „         2  of       „       (    „    )      »      ^^%0^  {normal salt.) 
2  hydrogens    „  „         1  of  calcium     (dyad  )      „  CaSO^ 

((8.)  Phosphoric  add  contains  three  displaceable  atoms  of  hydrogen 
(H3PO4). 

3  hydrogens  may  be  displaced  by  3  of  silver  (monad)  AgjPO^ 
2  „  2  of  sodium  (    „    )  HNajPO^ 

1  „  1  of     „     (    „    )  NaH,rO, 

Similarly,  1  triad  will  take  the  place  of  3  monads,  or  1  dyad  of 
2  monads. 

(B.)  Organic— The  substitution  of  compound  radicals  for  elements, 
forms  a  remarkable  feature  in  organic  chemistry.  Liebig  defined 
organic  chemistry  as  ''the  chemistry  of  compound  radicals." 

(1.)  One  of  the  hydrogen  atoms  of  a  hydrogen  molecule  (HH)  may 
be  replaced  by  such  compound  radicals  as  Methyl  (CH3),  Ethyl  (O0H5), 
Propyl  (C3H7),  etc.,  whereby  a  hydride  of  the  organic  radical  is 
formed.    Thus — 

{GB.^)K^  Methyl-hydride;  {G^^,)R^  Ethyl-hydride;  {G,-E,)R  =  Propyl-hydride. 

Further,  the  hydrogen  of  these  compounds  may  be  replaced  by 
chlorine  or  cyanogen.    Thus  — 

{GB.,)Gl  =  Methyl-chloride;  {G,-E,)Gl  =  Ethyl-ehloride ;  {G,R,)Gl  =  Fropyl-chlorids. 
(CB,)Gy  =  Methyl.cyanide;  {G,R,)Gy  ^  Ethyl- cyanide  ;  {G,B.,)Gy  =^  Fropyl-cyamde. 

(2.)  In  the  alcohols  and  ethers,  we  find  bodies  constructed  on  the 

water  (HgO)  type. 

(a.)  One  hydrogen  of  a  water  molecule  may  be  replaced  by  a  com- 
pound radical  to  form  an  alcohol ;  thus — 

I  o  =  Methyl  alcohol;  ^^^^  |  0  =  Ethyl  alcohol 

(/3.)  Both  atoms  of  hydrogen  may  be  replaced  by  two  of  the  com- 
pound radical  to  form  an  ether ;  thus — 

gHs  j  0  =  Methyl  ether ;  }  O  =  Ethyl  ether. 
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(y.)  Or  the  oxygen  may  be  replaced  by  sulphur,  and  perhaps  by 
selenium  ;  thus — 

V  I  ^  ~  Ethylic  sulphydrate  ;    ^-.-jJ  [  S  =  Ethylic  sulphide. 
'  (Mercaptan.)  '-'^"-S  I  (Sulphur  ether.) 

(2.)  Or  the  oxygen  may  be  replaced  by  silicon  or  by  a  metal, 
whereby  the  metallic  ethyls,  etc.,  are  produced  ;  thus — 

CHg  j  '^'^  ^  Zincic  methide.      ^-^P  i  Hg  =  Mercuric  ethide. 

(3.)  Bodies  constructed  on  the  ammonia  (NH3)  type  are  found  in 
the  amides  and  in  the  alcoholic  ammonias. 

(a.)  One  or  more  atoms  of  hydrogen  may  be  replaced  by  one  or 
more  compound  radicals,  such  as  ethyl  (C2H5)  ;  thus — 

H  V  N  =  Ethylamiue  ;    C2H5  In  =  Diethylamine  ; 
H  j  H  ^ 

C0H5  V  N  =  Triethylamine. 

(/3.)  One  or  more  atoms  of  hydrogen  may  be  replaced  by  an  oxy- 
dized  radical,  as  in  the  "  amides,"  or  else  by  different  radicals  ;  thus— 
C2H3O  I  C2H3O  ) 

H  /-  N  =  Acetamide  ;  C2H3O  [•  N  =  Diacetamide  ; 
H  )      (called  a  primary  jj  \        (caUed  a  secondary 

amide.)  amide.) 

C2H3O  I 

C2H3O  ^  N  =  Ethyhc  Diacetamide. 
C2H5  ) 

(y.)  The  nitrogen  may  be  replaced  by  arsenic,  antimony,  bismuth, 
etc.,  as  follows  : — 

/  C2H5 ) 

CH3  >  As  =  Tnmethyl-arsine  ;      C2H5  }  Sb  =  Triethyl-stibine  ; 
CH3  )  C0H5  j 

CHaJ 

H  /-P  =  Methyl-phos^phine. 

(4.)  In  the  case  of  the  marsh  gas  (CH4)  molecule,  the  substitutions 
are  without  number,  the  hydrogens  being  replaced  in  almost  endless 
variety. 


Isomerism  (tVoc  equal,  ijipog  a  part). 

Isomerism  is  a  term  applied  to  bodicH  containing  the  same  elements, 
muted  in  the  same  proportions,  but  differing  more  or  less  widely  in 
their  physical,  physiological,  and  chemical  properties. 

Isomerides  are  of  two  classes  : — 

(1.)  Where  the  percentage  composition  is  similar,  but  the  molecular 
composition  dissimilar  (polymers)  ; 
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(2.)  Where  both  percentage  anil  the  molecular  composition  are  alike 
(metamers). 

I.  Isomerides  having  similar  percentage  but  different  molecular  composition; 
in  other  words,  having  different  vapor  densities  (Polymerism).  Examples 
of  such  isomerides  (polymers)  are  seen  in  the  following  cases  : — 

(a.)  Cyanogen  (CN  or  Cy),   a  poisonous   gas,   and  Paracyanogen 
(C"N°  or  Cy"),  an  inert  solid,  alike  contain  in  every  100  parts — 

Carbon  46-15  ;  nitrogen  53-85. 
(/3.)  The  chlorides  of  Cyanogen,  viz.: — 

CyCl    =  gaseous  chloride  of  cyanogen. 
CygCle  =  liquid  „  „ 

CyaCls  =  solid  ,,  „ 

have  a  similar  percentage  composition,  viz. : — 

Carbon,  19-51  ;  nitrogen,  22-77  ;  chlorine,  57-72. 
Further  illustrations  of  polymerism  may  be  found  in  the  cyanogen 
oxyacids  (viz.,  cyanic,  fulminuric,  and  cyanuric  acids,  and  cyamelide)  ; 
also  in  the  various  hydrocarbon  series,  and  in  numerous  other  cases. 

II.  Isomerides  having  an  identical  percentage  and  molecular  composition 
(Metamerism).  These  bodies,  consequently,  have  similar  vapor 
densities.  Examples  of  such  isomerides  (metamers)  are  seen  in  the 
following  cases  : — 

(a.)  Urea  [(2NH2)CO]  and  ammonic  cyanate  [CNlNH^O)],  both  of 
which  are  represented  by  the  formula  CH4N2O,  contain  in  every  100 
parts — 

Carbon   20-00 

Hydrogen       ...        ...        .••  6-67 

Nitrogen    46-66 

Oxygen    26-67  =  100-00 

{(3.)  The  "turpenes"  (including  oils  of  turpentine,  lemons,  bergamot, 
neroli,  lavender,  pepper,  camomile,  carraway,  cloves,  etc.),  have  all  a 
similar  composition  (CiqHis)- 

(y.)  Tartaric  acid  (which  turns  the  plane  of  polarized  light  to  the 
right,  and  is'hence  called  dextro-tartaric  acid),  racemic  acid  (which  has 
no  action  on  a  ray  of  polarized  light),  and  paratartaric  acid  {which  turns 
the  ray  to  the  left,  and  is  hence  known  as  levo-tartaric  acid),  have  a 
similar  percentage  and  molecular  composition  (C^HgOe). 

(g.)  Morphia  (the  active  principle  of  opium)  and  piperin  (the  active 
principle  of  pepper)  are  both  represented  by  the  formula  C17H19NO3. 
We  may  note  that  these  isomerides  are  divisible  into  two  classes  : — 

1.  Bodies  differing  in  their  physical  properties,  lut  behaving  alike  under 
the  action  of  ohemioal  reagents.  Such,  for  example,  are  the  turpenes,  a 
series  of  true  isomerides ;  and, 

2.  Bodies  not  only  differing  in  physical  properties,  hut  also  behaving 
differently  under  the  action  of  chemical  reagents.— In  such  bodies  we  note 
the  presence  of  different  radicals.    For  example,  propionic  acid,  methyl 
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acetate,  and  ethyl  formate  are  isomeric  (CaHgO.),  but  their  behaviour 
respectively  with  potassic  hydrate  is  vastly  different.  Thus  

1.  Propionic  acid  -with  potassic  hydrate  yields  potassie  propionate 

I'  """^^f^        "  "  ^°^^''te  and  methyl  alcohol. 

6.  Jithyl  lormate         „  „         potassie  formate  and  ethyl  alcohol. 

Isomorphism  (to-of  equal,  and  fioptftri  a  form). 

Isomorphic  bodies  are  those  that  crystallise  in  the  same  form  and 
possess  similar  constitutions.  Thus,  lead,  barium,  aud  strontium  nitrates 
are  isomorphous,  the  lead,  barium,  and  strontium  being  "  the  correspond- 
ing elements."  It  is  worth  noting,  in  connection  with  this  fact,  that 
Mendeleef,  in  his  table  (see  page  53),  brings  sodium,  silver,  and  copper 
into  one  group  (II.,  odd  numbers)  and  that  many  cuprous  and  argentic 
compounds  are  isomorphous  ;  the  same  being  true  of  silver-and  sodium 
compounds. 

Acids  may  frequently  be  substituted  for  acids,  and  bases  for  bases, 
in  a  body,  without  the  body  undergoing  any  alteration  of  form.  Thus' 
in  common  potash-alum  (K2Alo4S04,24H„0),  the  may  be  replaced 
by  Na2,  or  by  (NH,)^,  and  the  Al^  by  Fe^,  Muo,  or  Cr^,  etc.,  without 
any  change  of  form  resulting. 

It  has  been  suggested  (Blake,  B.  Assoc.,  1846)  that  there  is  a  rela- 
tionship between  the  physiological  action  of  bodies  and  their  isomor- 
phism. 

Allotropism  (aAXot-  another,  and  rpoTrrj  twist  or  turn). 

The  capability  of  compound  bodies,  having  the  same  percentage 
and  molecular  composition,  of  existing  in  more  than  one  shape,  to 
which  we  have  alluded  under  the  term  isomorphism,  finds  its  parallel 
amongst  the  elementary  bodies.  Certain  polyad  elements  assume  various 
and  well-marked  modifications.  Berzelius  has  termed  this  allotropism, 
which  bears  the  same  relationship  to  the  element  that  isomerism  does  to 
the  compound.  The  existence  of  carbon  as  charcoal,  graphite,  and  the 
diamond  ;  the  varieties  of  phosphorus ;  sulphur  in  its  various  modifi- 
cations, oxygen  as  common  oxygen  and  as  ozone,  etc.,  are  illustrations 
oi  allotropism. 
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The  Metric  System  {Unit  of  Length). 

The  metre  {utiit  of  length)  is  a  bear  of  platinum  deposited  in  tlie 
archives  of  Paris,  measuring  39-37  English  inches,  at  32°  F.  (0°  C.)- 
It  is  adopted  as  a  measure  of  length,  surface,  Aveight,  and  capacity. 

1.  As  A  Measure  op  Length  (De  la  Rue). 
Its  multiples  are  marked  by  Greek  prefixes,  and  its  subdivisions  hy 
Latin  prefixes. 


In  English 
Itiches. 

In  English 
Feet. 

In  English 
\ards. 

In  English 
Miles. 

Millimetre    . .    . . 
Centimetre   . . 
Decimetre 

Metre  

Decametre    . . 
Hectometre  . . 
Kilometre 
Myriometre  . . 

0-03937 
0-39370 
3-937"8 
39-37079 
393-70790 
3937-07900 
39370-79000 
393707-900i-0 

0-003281 
0-032809 
0-328089 
3-280890 
32-808992 
328-089920 
3280-899-200 
32808-992000 

0-0010936 
0-0109363 

0-  1093633 

1-  0936331 
10-9363310 

109-3633100 
1093-63:n000 
10936-3310000 

0-0000006 
0-0000062 
0-0000621 
0-0006214 
0-0062138 
0-0621382 
0-62138-24 
6-2138244 

1  inch  =  2-539954  centimetres. 
1  foot  =  3-0479449  decimetres. 


1  yard  =  0'9143835  metres. 
1  mile  =  1-6093149  kilometres. 


II. — As  A  Measure  of  Surface  (De  la  Rue). 


1  square  inch  =  6-4513669  square  centimetres. 
I  square  yard  =  0-83609716  square  metre. 
1  square  foot  =  9-2899683  square  decimetres. 
1  acre  =  0-40467102  hectare. 


In  English 
squaie  feet. 

In  English 
square  yards. 

In  English 

acres  - 
43560  sq. 
feet. 

1  square  metre  (Centiare) 
100  square  metres  (Are)    . . 
.10,000  square  metres  (Hectare) 

10-764299 
1076-429934 
107642-993418 

1-196033 
119-604326 
11960-432602 

0-0002471 
(I-0-247114 
2-4711431 

III.  As  A  Measure  of  Capacity  (De  la  Rue). 
A  cubic  decimetre  (that  is,  a  cube  each  side  of  which  measures 
3-937  inches)  holds  a  litre  of  water  at  4°  C.  {i.e.,  the  temperature  at 
which  water  is  at  its  maximum  density).    This  litre  weighs  1  kilo- 
gramme, or  1,000  grammes.    A  cubic  centimetre,  therefore,  holds 
gramme  of  water  at  4°  C 
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Millilitre  or  a  cu- 
bic centimetre. . 
Centilitre  or  10 
cubic  centimetres 
Decilitie  or  100 
cubic  centimetres 
Litre  or  cubic  deci- 
metre   

Decalitre  (centi- 
stere  or  10  litres) 
Hectolitre  (Deci- 
stere  or  100  litres) 
Kilolitre  or  cubic 

metre   

Myriolitre  (Dcca- 
stere)  


In  cubic 
inches. 

In  cubic 
feet  = 
1728  cubic 
inches. 

In  pints  = 
34-65923. 
culjic 
inches. 

In  gallons 
=  8  pints 
=  -ii  /  27t5a4 
cubic  inches. 

In  bushels 
=  8  gallons 
=  2218  19078 
cubic  inches. 

0-06103 

0-000035 

0-00176 

0-0002201 

0-0000275 

0-61027 

0-000353 

0-01760 

0-0022009 

0-0002751 

6  10271 

0-003532 

0-17607 

0-0220096 

0-0027512 

61-02705 

0-035317 

1-76077 

0-2200966 

0-0275120 

610-27052 

0-353166 

17-60773 

2-2009667 

0-2751208 

6102-70515 

S.AQI  CCD 

176-07734 

22-0096676 

2-7512084 

61027  05152 

25-316581 

1760-77341 

220-0966767 

27-5120845 

610270  51519 

353-165807 

17607  73414 

2200-9667675 

275-1208459 

1  cubic  inch  =  16.386176  cibic  centimetres 

100  cubic  in.  =   0-3606  of  gallon. 

1  cubic  toot  =  28-315312  cubic  decimetres 

1  gallon        =   4-543.358  litres  =  277-276  c  i 

1  litre  =  35-2754  fl.  ozs.  =  1-76377  pints'. 

1  pint  =  34-659  c.  i.  =  i  of  gallon  =  0-5679  Htre. 

1  fluid  oz.     =   1-7329  c.i. 

IV.  As  A  Measure  of  Weight. 

n  is,  a  vessel,  each  side  of  which  measures 

U-dyd7  inches)  holds  a  quantity  of  water  which  at  4°  C.  (the  maxi- 
mum density  of  water)  weighs  1  gramme  (15-432  grains). 

Measures  op  Weights. 
1  cubic^inch  of  disliUed  water  (62°  F.)^  weighs  in  air  252-456  grains. 


do. 


In  grains. 

In  ounces 
Troy  = 
480  graiDS. 

In  pounds 
avoirdupois 
=7000  grs. 

Milligramme. , 
Centigramme . . 
Decigramme . . 
Gramme  .... 
Decagramme . . 
Hectogramme . 
Kilogramme  . . 
Myriogramme . 

0-01543 

0-  15432 

1-  54323 
15-43234 

154-32349 
1543-23488 
15132-34880 
154323-48800 

0-000032 
0-000321 
0-003215 
0-032150 
0-321607 
3-215072 
32-160726 
321-507267 

0-0001  022 
0-0000220 
0-0002204 
0  0U22046 
0-0220462 
0-2204621 
2-2046212 
22-0462126 

In  cwts.  = 
112  lbs.  = 
784000  grs. 


0-0000000 
0-0000002 
0  0000019 
0-0000196 
0-OOU1968 
0-0019684 
O-0196841 
0-1968412 


In  tons  = 
20  cwts.  = 
15680000  grs. 


0-000000001 

0-00000001 

0-0000001 

0-000001 

0-0000098 

0-0000984 

0-0009842 

0-0098421 


1  gram  =  0-064799  grammes. 

1  02.  troy  =31-103456  grammes. 

1  lb.  avoirdupois     =  0-453495  kilogramme?. 

I  ll  .    ,      =50-802377  kilogrammes. 

I  lb  per  sq.  inch  =0-07  kilos  per  so.  centim. 
1  kilo  per  sq.  millim=1425-46  lbs.  persq.  inch. 

ki4JamSsTefcaHvlr'?T^,l'  about  equal  to  2^  lbs.  avoirdupois,  and  1000 
.ndf  2^6  L  Jo^^^^^^^^^^^        *°  Iton;  1  kilogramme  =  35-2739  ozs.  avoirdupois, 


64  HANDBOOK  OF  MODERN  CHEMISTRY, 

The  following  figure  represents  the  metre  in  its  threefold  function  of 
a  measure  of  length,  capacity,  and  weight. 

3-937  inches  =  decimetre. 
I  I 


Measure  of  Length —  | 

Each  side 
(3-937  inches) 


metre  =  10  times  the 
figure. 

-  -  1  decimetre. 
=  10  centimetres. 
=  100  millimetres. 


length  of  one  side  of  this 


Measure  of  Capacity — 

J    i  A  cubic  vessel,  each  side  having  the  dimensions  of  this  figure 

g    ;  would  hold  1  litre. 

CO 


Measure  of  Weight  — 

A  cubic  centimetre  of  water  weighs  1  gramme  =  15-432  grains. 
1  litre  or  15,432  grains,  weighs  1,000  grammes. 


Square 
centi- 
metre. 
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CHAPTER  III. 
CRYSTALLIZATION. 

Definition  of  a  Crystal — Classification. 

A  CRYSTAL  (KpvtrraXXog)  is  a  geometrical  solid  having  a  rectilinear  struc- 
ture. The  phrase  '^crystallized  body"  is  employed  in  contradistinction 
to  the  phrase  "  amorphous  body"  such  as  glass,  that  is  a  body  devoid 
of  crystalline  structure. 

The  process  by  v?hich  crystals  are  formed  is  called  crystallization. 
The  chief  processes  for  obtaining  crystals  are  three  : — 

1.  Solution. 

2.  Fusion. 

3.  Sublimation. 

By  the  faces  of  a  crystal  we  imply  its  plane  surfaces  ;  by  the  edges, 
the  lines  formed  by  the  union  of  contiguous  faces  ;  and  by  the  angles, 
the  angles  formed  by  the  incidence  of  the  faces. 

If  all  the  faces  on  a  given  crystal  be  alike  {similar  faces'),  the  crystal 
form  is  termed  "simple,"  but  if  they  be  different  {dissimilar faces) ,  the 
crystal  form  is  termed  "  complex  "  or  "  compound." 

The  "dominant,"  "fundamental,"  or  "primary"  form  of  a  compound 
crystal  is  that  form  determined  by  the  largest  faces  (dominant  faces). 
The  other  faces  are  termed  "subordinate"  or  "secondary"  faces. 

The  axes  of  crystals  are  imaginary  straight  lines  drawn  from  points 
or  parts  (angles,  edges,  or  surfaces)  on  one  side  of  a  crystal  to 
similar  parts  on  the  opposite  side,  and  which  lines  would  intersect  at 
some  central  part  of  the  crystal. 

The  classification  of  crystals  is  founded  on  the  measurements  and 
positions  of  the  axis  : — 

I. — Cubic  or  Regular  System. 

(1.)  Character. — Three  equal  axes  intersecting  one  another  at  right 
angles. 

(2.)  Forms. — Cube — regular  octahedron — rhombic  dodecahedron — 
tetrahedron. 

(3.)  Examples.— {a)  Elements  :  Most  of  the  metals — phosphorus. 

{b)  Compounds  :  Most  chlorides,  bromides,  iodides, 
fluorides  and  sulphides — magnetic  iron  ore — 
the  alums — lead  nitrate. 
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II. — Quadratic  or  Square  Prismatic  System. 
(1.)  Characters. — Three  axes  intersecting  one  another  at  right  angles, 

two  being  of  equal  length,  and  the  third  (the  principal  axis), 

either  longer  or  shorter  than  the  other  two. 
(2.)  Forms. — Square   prism  —  square   or   quadratic  octahedron — 

double  four-sided  pyramid  with  square  base. 

3.)  Examples. — (a)  Elements  :  Palladium. 

{h)  Compounds  :  Mercurous  chloride — potassic  ferro- 
cyanide — stannic  oxide — copper  pyrites — oxa- 
late of  lime. 

III.  — Rhombohedric  or  Hexagonal  System. 

(1.)  Characters. — Four  axes — three  being  equal  and  in  one  plane, 
intersecting  one  another  at  angles  of  60°.  The  fourth 
axis  (the  principal  axis)  is  longer  or  shorter  than  the  other 
three,  and  is  situate  at  right  angles  to  the  plane  occupied  by 
them. 

(2.)  Forms. — Rhombohedron  —  double   six-sided   pyramid — scalene 

and  isosceles  dodecahedi-a. 
(3.)  Examples. — (a)  Elements:  Tin — antimony — arsenicum — thallium 

— plumbago. 

(b)  Compounds  :  Snow — cinnabar — magnetic  pyrites 
— carbonates  of  lime — magnesia — zinc — quartz, 
beryl — sodic  nitrate. 

IV.  — Rhombic  or  Right  Prismatic  System. 

(1.)  Characters. — Three  axes  of  unequal  length,  intersecting,  one 

another  at  right  angles. 
(2.)  Forms. — Right   rectangular   and  right  rhombic   prisms  and 

octahedra. 

(3.)  Examples. — (a)  Elements.-  Iodine — native  sulphur  (or  sulphur 

crystallized  from  solutions) — selenium. 
(b)  Compounds  :  Manganese  peroxide — baric  and 
mercuric  chloride — orpiment — antimonic  oxide 
— carbonates  of  lead — barium,  strontium,  po- 
tassium and  ammonium — arragonite — nitrates  of 
silver,  potassium,  and  ammonium— sulphates  of 
magnesium,  zinc,  barium,  and  strontium — tartar 
emetic — Rochelle  salt — citric  acid — morphia. 

v.— MoNOCLiNic  or  Oblique  Prismatic  System. 

(1.)  Characters.— Three  unequal  axes,  two  of  which  intersect  ob- 
liquely, whilst  the  third  (principal  axis)  is  placed  perpen- 
dicularly to  their  plane. 

(2.)  i^oms.— Oblique  rectangular  and  oblique  rhombic  prisms  and 
octahedra. 
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(3.)  Examples. — (a)  Elements  :  Svilphur. 

{b)  Compounds :  Sulphides  of  arsenic  (red)  and  anti- 
mony—carbonates of  soda  and  potash— sul- 
phates of  soda,  lime,  and  iron — chlorate  of 
potash — borate  and  phosphate  of  soda — chro- 
mate  of  lead — acetates  of  soda,  copper,  zinc, 
and  lead — tartaric  and  oxalic  acids. 

"VI.— The  Triclinic  or  Double  Oblique  System. 
(1.)  Characters. — Three  unequal  axes  intersecting  obliquely. 
(2.)  Forms. — Doubly  obhque  prisms  and  octahedra. 
(3.)  Examples. — (a)  Elements  :  None. 

(b)  Compounds:  Boric  acid — sulphate  of  copper  

nitrate  of  bismuth — gallic  acid. 


"We  shall  consider  in  Section  I.  the  non-metals  (metalloids),  commen- 
cing with  oxygen.  In  each  case  the  compounds  the  body  forms 
with  those  elements  already  considered,  will  be  examined  in  detail. 
Each  element  and  compound  will  be  examined  as  far  as  practicable  in 
the  following  order:  (1)  Synonyms  ;  (2)  History  ;  (3)  Natural  History; 
(4)  Preparation  ;  (5)  Properties— (a)  sensible,  ((3)  physical,  (y)  chemical, 
<a)  physiological ;  (6)  Tests  ;  (7)  Uses  in  Nature,  Arts,  and  Medicine. 

In  Section  II.  we  shall  consider  the  metals,  their  compounds  amongst 
themselves  (alloys  and  amalgams)  and  their  compounds  with  the  non- 
metals  (salts). 

Adopting  this  division  of  the  elements  for  convenience,  it  must  be 
remembered  that  it  (like  all  classifications)  is  purely  arbitrary.  Thus 
arsenic  has  by  some  been  placed  amongst  the  non-metals,  and  hydrogen 
(on  account  of  its  chemical  behaviour)  amongst  the  metals. 

Section  III.  will  be  devoted  to  Organic  Chemistry. 

We  shall  examine  the  non-metals  in  the  following  order  :  — 


Symbol. 

Atomic 
"Weight. 

Eelative 
"Weight. 
H  =  1 

Symbol. 

Atomic 
"Weight. 

Relative 
"Weight. 

Oxygen  .... 
Fluorine .... 
Chlorine .... 
Bromine. . . . 
Iodine  .... 
Nitrogen   . , 
Phosphorus  . 

0. 

F. 

CI. 

Br. 

I. 

N. 

P. 

16 
19 
36-5 
80 
127 
14 
31 

16 
19 

35-5 
80 

127 
14 
62 

Sulphur    . . 
Selenium  . , 
Tellurium . . 
Carbon  .... 
Boron  .... 
Silicon  .... 
Hydrogen . . 

S. 

Se. 

Te. 

c. 

B. 
Si. 
H. 

32 
79 
125 
12 
11 
28 
1 

32 
79 
125 

I 

F  2 
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Section  I. — The  Non-Metals. 


CHAPTER  IV. 
OXYGEN. 

Oxygen  :  —  Synonyms  —  History  —  Natural  History  —  Preparation  —  Properties. 
Ozone  ;  History — Natural  History— Preparation— Properties— Tests— Quantita- 
tive Determination— Uses  of  Oxygen— Respiration— Combustion. 

OXYGEN  (0"). 

Atoviic  weight  =  16  [more  accurately  lo'96].  Molecular  weight  =  32. 
Dijad"  (HgO— AgsO).  Molecular  volume  |  |  |.  Specific  gravity 
observed  1-1056  ;  theoretic  (0-0693  x  16)  1-1088.  1  litre  weighs 
16  criths  (0-0896  grm.  X  16)  =  1*4336  grm.  at  0°  C.  and  760 
millimetres;  100  cubic  inches  weigh  34-288  grains  at  60°  F.  and 
30  B.  P. 

Synonyms  :  Spiritus  Nitro-aerius  (Mayow,  1674)  ;  Dephlogisticated 
air  (Priestley,  1774)  ;  Empyreal  air  (Scheele,  1775)  ;  Pure  air  (Lavoi- 
sier, 1777)  ;  Vital  Air  (Condercet,  1777)  ;  Oxygen  (Lavoisier,  1778),. 
(from  o^vc  acid,  and  ytvvdu),  I  generate). 

History  («)• — The  earlier  investigators  devoted  mxicli  attention  tO' 
the  nature  of  what  they  termed  "  a  calx,"  that  is  the  residue  left  after 
the  body  had  been  exposed  to  fire.  Ray,  in  1630,  thought  that  a  calx 
resulted  from  the  fixation  of  air  ;  Boyle,  in  1660,  regarded  it  as  due  to 
the  fixation  of  heat ;  Hooke,  in  1670,  again  insisted  that  it  was  to  be 
explained  by  fixation  of  air  ;  whilst  Maijow,  in  1674,  said  it  depended 
on  the  fixation  of  some  substance  similar  to  that  existing  in  saltpetre, 
and  which  he  termed  "the  nitro-aerial  vspirit."  Thus  in  great 
measure,  Mayow  anticipated  Lavoisier's  discoveries  respecting  com- 
bustion. His  views  were  not,  however,  accepted,  being  opposed  to 
the  then  dominating  theories  of  Beccher  and  Stahl. 

(J)  Experimental  /acis.— Priestley,  on  August  1, 1774,  whilst  heating 
"red  precipitate,"  or  the  calx  of  mercury  as  it  was  called  (HgO)  in  a 
glass  bulb  over  mercury  obtained  a  gas  (oxygen),  which  he  named,  in. 
accordance  with  the  Stahlian  theory  "  Dephlogisticated  air." 

In  1775,  Scheele  (of  Upsala,  in  Sweden),  whilst  examining  tlie 
action  of  sulphuric  acid  on  peroxide  of  manganese  (pyrokisite)  obtained 
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a  gas  (oxygen)  which  he  called  «  empyreal  air,"  because  of  the  energy 
with  which  it  supported  combustion. 

Lavoisier  (unfairly  no  doubt)  claimed  its  discovery.  He,  however, 
was  the  first  to  explain  the  true  nature  of  "red  precipitate"  from 
which  Priestley,  in  the  first  instance,  had  prepared  it,  and  showed  that 
the  process  was  merely  an  indirect  means  of  obtaining  oxygen  from 
the  air.  Further,  Lavoisier  disputed  the  truth  of  the  Stahlian  theory 
(which  taught  that  when  any  substance  was  burnt,  it  gave  out  "  phlo- 
giston"), proving  by  actual  experiment  that  the  product  of  the  com- 
bustion of  phosphorus  {i.e.,  P^Os,  or  the  calx)  was  heavier  than  the 
original  phosphorus,  and  that  therefore  phosphorus  could  not  have 
given  out  anything  in  burning,  but  must  have  taken  in  something.  The 
Stahlians,  to  meet  this  difficulty  (which,  however,  can  scarcely  be  re- 
garded as  originating  with  Lavoisier,  seeing  that  it  was  the  subject  of 
experiment  many  years  previously  by  Le  Brun  and  Jean  Eay),  imbued 
phlogiston  with  the  property  of  levity.  Lavoisier,  soon  after  this,  pro- 
pounded a  new  theory  of  combustion,  which  was  destined  to  over- 
throw the  phlogistic  theory.  This  was,  "  that  combustion  was  the 
combination  of  a  burning  body  with  oxygen."  He  moreover  rejected 
Priestley's  name,  "  dephlogisticated  air,"  and  called  the  newly-dis- 
covered gas  oxygen,  or  acid-begetter  (o'^i)s  and  yevp&w),  believing  it  not 
only  to  enter  into  the  composition  of  all  acids,  but  to  constitute  the 
acidifying  principle. 

Natural  History— Oxygen  is  the  most  abundant  and  widely- 
(Uffused  element  in  nature.  Excepting  in  atmospheric  air,  however,  it 
IS  always  found  combined : — 

(a.)  The  Mineral  Kingdom.— {I.)  The  solid  crust  of  the  earth  consists 
of  three  chief  constituents— viz.,  carbonate  of  lime  (CaCOa),  of  which 
is  oxygen;  clay  (ALOs),  of  which  is  oxygen;  and  silica 
(S1O2),  of  which  11  is  oxygen.  Thus  about  one-half  of  the  solid  crust 
of  the  earth  is  oxygen  ;  (2)  whilst  of  the  water,  or  liquid  part,  f  by 
weight  is  oxygen,  and  (3)  of  the  air  or  gaseous  portion,  ^  by  volume 
or  I  by  weight  is  oxygen. 

(/3.)  The  Vegetable  Kingdom.— About  one-fourth  part  of  all  growing 
vegetable  matter  is  water,  f  of  which  is  oxygen ;  whilst  of  the  solid 
part,  which  is  principally  celluliu  (CgHioOs)  about  ^  is  oxygen. 

(7.)  The  Animal  Kingdom.— Water  constitutes  about  75  per  cent,  of 
iving  animals,  f  of  which  is  oxygen.  Of  albuminous  matters,  nearly 
•1  IS  oxygen. 

Preparation. — Although  present  so  largely  in  air,  the  nitrogen,  with 
which  the  oxygen  is  mechanically  mixed,  cannot  be  directly  separated, 
l^or  oxygen  is  singularly  energetic,  and  nitrogen  singularly  inert,  in 
';heraical  relationship.  Thus  to  prepare  oxygen  from  the  air,  indirect 
processes  have  to  be  adopted. 

These  are  as  follows: — 
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(A.)  By  the  action  of  heat  on  certain  metallic  oxides  and  peroxides  :  

(1.)  Mercuric  oxide  (HgO) ;  Priestley,  1774  ;  (216  grains  produce  IG 
grains  of  oxygen). 

2HgO       =      2Hg       +  O^. 
Mercuric  oxide    =    Mercury       +  Oxygen. 

(2.)  Bed  lead  (Pb304  ;  triplumbic  tetroxide) ;  Priestley,  1774  ;  (655 
grains  produce  16  grains  of  oxygen) — 

2Pb304  =  6PbO  +  Oo. 

Triplumbic  tetroxide     =  Plumbic  oxide  {Litharge)  ■\-  Oxygen. 

(3.)  Manganese  dioxide  (Pyrolusite,  Black  oxide  of  Manganese)  ; 

Scheele,  1775  ;  (261  grains  produce  32  grains  of  oxygen  =  93*4 
inches) — 

3MnOo          =          MU3O4          +  O2. 

Manganese  dioxide     =  Trimanganic  tetroxide   +  Oxygen. 

(4.)  Baric  peroxide ;  Boussingault,  1851 ;  {A7in.  CAm.  P%s.(3)xxxv.) 
Brin  Freres,*  1885)  ;  (169  grains  produce  16  grains  of  oxygen) — 

[Note.  At  1022°  F.  (550°  C),  BaO  becomes  BaOg,  but  at  1472°  F. 
(800°  C.)  BaOo  is  decomposed  as  follows: — ] 

2Ba02  =       2BaO  +  Oo. 

Baric  peroxide        =     Baric  oxide  +  Oxygen. 

(5.)  Auric,  argentic,  platinic,  and  chromic  (CrOs)  oxides,  etc.,  lose  all 
or  a  portion  of  their  oxygen  when  heated. 

(B.)  By  the  action  of  heat  on  certain  salts  rich  in  oxygen — such  as  the 
perchlorates,  chlorates,  chlorites  and  hypochlorites,  the  perbromates 
and  bromates,  the  periodates  and  iodates,  the  nitrates  and  nitrites, 
&c. 

(1.)  Potassic  chlorate  (Gay  Lussac,  1814)  ;  (122*6  grains  yield  48 
grains  of  oxygen).    To  effect  decomposition,  a  temperature  is  required  . 
above  the  fusing  point  of  the  salt  [i.e.,  about  662°  F.  (350°  C.)]. 

The  reaction  occurs  in  two  stages: — 

(a.)  A  potassic  perchlorate  is  first  formed — 

2KCIO3        =        KCl        +        KCIO4        +  O.. 
Potassic  chlorate      =   Potassic  chloride  +  Potassic  perchlorate   +  Oxygen. 

(j3.)  The  potassic  perchlorate  is  then  decomposed — 

KCIO4  =  KCl  +  2O2. 

Potassic  perchlorate      =      Potassic  chloride     +  Oxygen. 

Stating  the  reaction  in  a  single  equation,  we  may  express  the  decom- 
position thus : — 

2KCIO3  =  2KC1  +  3O2. 

(2.)  When  potassic  chlorate  is  mixed  with  manganese  dioxide  or 

with  certain  other  oxides  (as  ferric  oxide),  or  with  spongy  platinum,  it 

evolves  oxygen  at  a  temperature  considerably  below  the  fusing  point  of 

*  The  Brothers  Brin,  of  Paris,  have  suggested  this  as  a  commercial  method  for 
obtaining  an  unlimited  supply  of  oxygen. 
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the  salt  (about  392°  F.  or  200°  C),  in  other  words  at  about  270  degrees 
F.  (150  degrees  C.)  below  that  at  Avhich  it  is  generated  without  the 
manganese  oxide.  According  to  the  experiments  of  Wiederhold  ( Pogc/. 
Ann.  cxvi.,  p.  171),  confirmed  by  Baudrimont  {J.  Pharmacie,  S.  IV., 
xiv.,  pp.  81  and  161)  no  perchlorate  is  formed  under  these  conditions. 

[To  free  the  gas  from  traces  of  chlorine  likely  to  be  generated  when 
thus  prepared,  it  should  be  passed  through  a  wash-bottle  containing 
caustic  soda.  Further,  if  the  oxide  of  manganese  contains  carbon  as 
an  impurity,  an  explosion  may  occur  when  the  oxygen  mixture  is 
heated,  or  traces  of  COo  will  be  generated,  which  will  also  be  absorbed 
by  the  caustic  soda  solution.] 

The  explanation  of  this  action  of  the  manganese  dioxide  is  not  well 
understood.  The  oxygen  obtained,  it  is  certain,  is  evolved  primarily 
from  the  chlorate  and  not  from  the  oxide  ;  but  the  manganese  oxide 
may  undergo  a  higher  oxidation  at  a  temperature  below  that  at  which 
the  potassic  chlorate  could  yield  free  oxygen,  these  higher  oxides  readily 
parting  with  the  oxygen  thus  combined,  again  returning  to  the  condition 
of  the  lower  oxide.  (See  page  13.  See  also  p.  72  for  a  possibly  ana- 
logous action  in  the  case  of  cobajltic  oxide.) 

(3.)  Zincic  sulphate ;  (Deville  and  Debray)  (161  grains  produce  16 
grains  of  oxygen) — 

2ZnS04       =        2ZnO         -|-  2SO2  +  Og. 

Zincic  Sulphate     =     Zincic  oxide      4-    Sulphurous  anhydride  -f-  Oxygen. 

(4.)  Alkaline  nitrates ;  (101  grains  of  KNO3  produce  32  grains  of 
oxygen). 

(5.)  Permanganates  with  sioperheated  steam  (Marechal  and  Tessie  du 
Mothay) ;  (316-2  grains  of  steam  and  KgMnOi  produce  64  grains  of 
oxygen)  — 

4KoMn04    -\-     4H2O    =  8KH0    +    2Mn203       +  'SO^. 

Potassic       +     Steam      =  Potassic     +    Dimanganic       +  Oxygen, 
permanganate  hydrate  trioxide 

If  a  current  of  air  be  passed  over  the  red  hot  residue,  the  perman- 
ganate will  be  reproduced.  Thus  the  same  permanganate  may  be  used 
over  and  over  again. ' 

(C.)  By  heating  certain  compounds  rich  in  oxygen  with  sulphuric  acid. 

(1.)  Manganese  dioxide  and  sidphuric  acid;  (87  grains  of  MnOg  pro- 
duce 16  grains  of  oxygen) — 

2Mn02      +    2H5,S04     =       2MnS04       +  2I-I2O  -f-  0.. 
Manganese  dioxide  -|-  Sulphuric  acid  =  Manganoua  sulphate  -j-  "Water  -f-  Oxygen. 

(2.)  Potassic  bichromate  and  sulphuric  acid  (295  grains  of  potassic 
bichromate  produce  48  grains  of  oxygen). 

The  reaction  may  be  stated  as  occurring  in  two  stages  as  follows  : — 

(a).  KoCrgO^    -1-    2II2SO4    =    2KHSO4    +    2Cr03    +  HoO. 
Potassic      -f-     Sulphuric     =  Potasaic  hydric  -f     Chromic    -f  Water, 
bichromate  acid  sulphate  oxide 
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{b.)      4Cr03    +    6H2SO4    =    2012(804)3    +    6H2O    +  3O2. 
Chromic     +     Sulphuric    =       Chromic       +     "Water      +  Oxy- 
oxide  acid  sulphate  gen. 

Or,  written  in  a  single  formula,  it  may  be  stated  as  follows : — 

2K20r207  +  8H2SO4  =  2KHSO4  +  2Cr23S04  +  8H2O  +  3O2. 
Potaasic     +    Sulphuric  =      Potassic     +     Chromic     +    Water    +  Oxy- 
bichromate  acid  sulphate  sulphate  gen. 

(3.)  Plumbic  peroxide  and  sulphuric  acid  (239  grains  of  plumbic 
peroxide  produce  16  gi'ains  of  oxygen) — 

2Pb02       +      2H2SO4    =      2PbS04     +   2H2O  +  O2. 
Plumbic  peroxide  +   Sulphuric  acid  ==  Plumbic  sulphate  +  Water    +  Oxygen. 

(D.)  By  the  action  of  various  oxides  on  hydric  peroxide: — 

H2O2        +       AggO       -    HoO   +    Ago    +  O2. 
Hydric  peroxide    +    Argentic  oxide   =    Water    +    Silver    +  Oxygen. 

(E.)  By  the  electrolysis  of  acididated  water,  the  oxygen  being  evolved 
at  the  positive  pole. 

(F.)  By  passing  a  mixture  of  steam  and  chlorine  through  a  red  hot 
porcelain  tube : — 

2H2O     +        2OI2      =  4H01  +  O2. 

Water      +       Chlorine     =     Hydrochloric  acid       +  Oxygen. 

(G.)  By  heating  to  176°  F.  (80°  C.)  a  sohition  of  bleaching  powder  with  a 
small  quantity  of  cobalt  oxide  or  chloride,  or  by  passing  chlorine  through  a 
hot  solution  of  sodic  or  potassic  hydrate,  containing  a  little  chloride  or 
nitrate  of  cobalt.  The  chlorine  converts  the  cobaltous  hydrate  into 
cobaltic  hydrate,  and  subsequently  the  liquid  effervesces  and  evolves 
oxygen.    (Mitscherlich,  1843;  Fleitmann,  1865.) 

The  reactions  may  be  stated  in  two  stages  as  follows : — 

(a.)       OaOl202  +     40oO     =     OaOL  +  2O02O,. 

Bleaching  powder  +    Cobaltous    =     Calcium  +  Cobaltic 

(Solution  calcium  oxide  chloride  oxide, 

hypochlorite) 

(h.)         2O02O3  =  40oO  +  O2 

Cobaltic  oxide         =       Cobaltous  oxide  +  Oxygen. 

Thus  all  the  oxygen  of  the  bleaching  powder  is  evolved. 

(H.)  By  dropping  sulphuric  acid  into  a  red-hot  platinum  retort  or  upon 
broken  bricks  heated  to  redness.  (Deville  and  Debray.)  By  this 
means  the  acid  yields  about  15'6  per  cent,  of  its  weight  of  the  gas. 
Every  1000  grains  of  acid  will  yield  in  practice  about  one-fourth  of  a 
cubic  foot  of  gas. 

2H28O4       =   2H2O  +  2SO2  +  O2. 

Sulphuric  acid   =    "Water    -f-    Sulphurous  anhydride    +  Oxygen. 

[The  SO2  is  absorbed  by  passing  it  through  a  coke  scrubber  wetted 
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with  water.  The  siilpliiirons  acid  solution  may  be  utilised  in  tlie 
leaden  chamber  for  the  preparation  of  fresh  sulphuric  acid.] 

(I.)  By  the  action  of  the  leaves  of  plants  in  srin-light  on  carbonic  acid, 
whereby  the  carbon  is  fixed,  and  oxygen  is  set  free. 

Properties. — («.)  Sensible. — A  colourless,  inodorous,  tasteless  gas. 

(/?.)  Physiological. — If  a  rabbit  be  placed  in  pure  oxygen  at  75°  F. 
(24.°  C),  it  lives  for  about  three  weeks,  eating  voraciously  all  the 
time,  but  nevertheless  becoming  thin.  The  action  of  oxygen  at  45°  F. 
(7*2°  C),  is  to  produce  narcotism,  and  eventually  death.  When 
oxygen  is  cooled  by  a  freezing  mixture,  it  induces  so  intense  a  nar- 
cotism that  operations  may  be  performed  under  its  influence. 

Compressed  oxygen  is  "the  most  fearful  poison  known."  The 
pure  gas  at  a  pressure  of  3-5  atmospheres,  or  air  at  a  pressure  of  22 
atmospheres,  produces  violent  convulsions,  simulating  those  of  strych- 
nia poisoning,  ultimately  causing  death.  The  arterial  blood  in  these 
cases  is  found  to  contain  about  twice  the  quantity  of  its  normal  oxy- 
gen. Further,  compressed  oxygen  stops  fermentation,  and  perma- 
nently destroys  the  power  of  yeast.    (Paul  Bert.) 

(>■•)  Physical— Oxygen  is  16  times  heavier  than  hydrogen.  Its 
experimental  specific  gravity  is  1-1056  (Air  =  1),  so  that  100  cubic 
inches  weigh  34-288  grains.  Its  relative  weight  is  15-96  (hydrogen 
=  1).  A  litre  at  0°  C.  and  760  mm.  weighs  1-43  grms.  Until  lately 
oxygen  was  regarded  as  a  permanent  gas.  Under  a  pressure  of  300 
atmospheres,  and  a  cold  of  — 110°C.,  Pictet  condensed  it  into  a  trans- 
parent liquid  having  a  specific  gravity  of  0-978  at  — 166°  F.  (—130° 
C),  Wroblewski  and  Olzewski  abroad,  and  Dewar  in  this  country, 
have  liquefied  it  under  a  pressure  of  22-5  atmospheres  at  —136°  C, 
employing  for  this  purpose  the  cold  produced  by  the  boiling  of  liquid 
ethylene.  Oxygen  refracts  light  less  powerfully  than  any  other  gas 
(0  =  0-8,  air  =1).  It  is  evolved  from  the  positive  pole  of  the  battery 
(electro-negative).  It  is  the  only  gas  which  is  magnetic,  its  magnetism 
being  feeble,  diminished  by  heat  and  increased  by  cold.  Heat  (as  in  the 
case  of  all  other  gases)  expands  the  gas  0-003665  times  its  volume  for 
every  1°  C,  or  0-002  times  its  volume  for  every  1°  F.  It  is  only  slightly 
soluble  in  water;  100  volumes  of  water  at  0°  C.  absorb  4-114  volumes, 
and  2-9  volumes  at  15°  C.  measured  at  normal  pressure  and  temperature. 
At  higher  temperatures  the  solubility  decreases.  100  volumes  of  abso- 
lute alcohol  dissolve  about  28  volumes  of  the  gas.  It  is  rapidly 
absorbed  both  by  solutions  of  potassic  pyrogallate  or  of  sodic  dithionite 
in  water. 

(o.)  Chemical. — Oxygen  is  without  action  either  on  litmus  or  on 
turmeric.  It  causes  no  precipitate  with  lime  water.  With  nitric  oxide 
(N2O2)  it  forms  red  fumes  of  N2O4.  It  is  completely  absorbed  by  a  solu- 
tion of  pyrogallic  acid  in  strong  caustic  potash.  It  supports  combustion 


74 


HANDBOOK  OF  MODERN  CHEMISTRY. 


vigorously,  hnt  is  not  itself  combustible  ; — hence  Lavoisier's  theory  of 
combustion,  that  it  was  "  rapid  oxidation." 

Action  on  the  non-metals. — Oxygen  combines  with  all  the  non-raetalsy 
except  with  fluorine.  Further,  it  combines  with  them  directly,  except 
with  chlorine,  bromine,  and  iodine,  with  which  elements  combination 
is  indirect  only,  that  is,  through  the  intervention  of  a  third  body.  It 
combines,  however,  with  none  of  the  non-metals  at  ordinary  tempera- 
tures, except  with  phosphorus,  in  which  case  the  energy  of  oxidation 
may  be  so  intense  as  to  effect  combustion.  If  carbon,  sulphur,  or 
phosphorus  be  burnt  in  oxygen,  bodies  are  formed  (viz.,  COg,  SOg,  and 
P2O5),  which,  when  dissolved  in  water,  redden  litmus.  All  the  non- 
metals,  except  hydrogen  and  fluorine,  form,  by  their  nnion  with  oxygen, 
anhydrides — that  is,  bodies  which  form  acids  when  dissolved  in  water. 
Hence,  Lavoisier  taught  "  that  oxygen  was  the  acidifying  principle  of 
all  acids,"  a  theory  we  now  know  to  be  incorrect. 

Action  on  the  metals. — There  are  certain  metals  which  in  a  molten 
state  absorb  oxygen,  evolving  it  again  on  cooling.  Of  these  silver 
is  a  notable  illustration.  When  molten  it  absorbs  ten  times  its  bulk  of 
the  gas,  its  evolution  on  cooling  elfecting  what  is  termed  "  spitting,"  i.e., 
the  surface  of  the  silver  becoming  uneven  from  volcanic-like  projec- 
tions. Oxygen  combines  directly,  under  certain  conditions,  with  all  the 
metals,  except  with  gold,  silver,  and  platinum  (noble  metals),  where 
combination  can  only  be  effected  indirectly.  Again,  combination 
does  not  take  place  at  ordinary  temperatures,  except  with  a  few  metals, 
such  as  sodium,  potassium,  barium,  strontium,  and  calcium,  and  in 
certain  cases  where  the  metals  have  been  reduced  to  a  state  of  minute 
subdivision  (pyrophoric).  Only  a  very  moderate  heat,  however,  is  usually 
required  to  effect  union.  Iron,  lead,  etc.,  undergo  superficial  oxidation 
in  the  air  at  common  temperatures,  but  this  is  dependent  on  the  ex- 
istence of  conditions  that  favour  oxidation,  such  as  the  presence  of 
moisture,  carbonic  anhydride,  etc. 

When  a  metal  combines  with  oxygen,  it  generally  forms  what  is 
called  a  base,  that  is,  "  a  comjwund  body  capable,  completely  or  in  part,  of 
neutralizing  an  acid."  The  compounds,  formed  by  the  union  of  the 
alkaline  metals  with  oxygen,  are  called  alkalies  or  alkaline  bases,  such 
as  e.g.,  sodic  oxide  (Na^O)  potassic  oxide  (KoO),  etc.  These  bodies 
are  very  soluble  in  water.  The  other  metals  also  form  bases  with 
oxygen,  but  they  are  practically  insoluble  in  water  ;  nevertheless  they 
are  capable  either  entirely  or  in  part  of  neutralizing  acids  (ZnO — 
FeoOa).  No  non-metal  ever  forms  a  base  by  its  union  with  oxygen, 
but  some  metals  form  anhydrides  by  such  combination.  This  metallic 
anhydride  is  always  the  highest  oxide  that  the  metal  is  capable  of 
forming,  as  e.g.,  stannic  anhydride,  SnOo— antimonic  anhydride,  SbgOs, 
etc.  There  are  certain  oxides  that  are  neither  acids  nor  bases,  and  are 
known  as  "  indifferent  oxides  "  from  their  similarity  to  salts.  Such,  for 
example,  are  water  (HjO),  manganese  dioxide  (MnOg),  etc. 
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Various  methods  have  been  devised  for  estimating  the  quantity  of 
free  oxygen  present  in  a  mixed  gas.  In  most  cases  the  oxygen  is  re- 
moved by  absorbent  agents,  such  as  moist  phosphorus  or  certain  moist 
metals  (iron,  lead,  etc.)  ;  certain  low  oxides,  such  as  FeO  or  NgOg 
(Priestley)  ;  or  a  mixture  of  the  last  two  bodies  (Davy)  ;  the  ammonio- 
chloride  of  copper  (Graham)  ;  pyrogallic  acid  dissolved  in  an  alka- 
line solution  (Liebig)  ;  red-hot  copper  or  iron  (Dumas)  ;  cuprous 
oxide  (CuoO)  in  ammonia  {Chemical  News,  vol.  xxxiii.,  p.  5)  ; 
also  by  exploding  the  gas  with  hydrogen.  These  methods  of  esti- 
mating oxygen  will  be  referred  to  under  the  analysis  of  air. 

Ozone  (oi^w,  I  smell) :  AUotropic  or  Active  Oxygen. 

Molecular  weight  =  iS{^l'B>S).   Density  2^-9i.   Molectilar  volume  \    \  |. 

History. —  Von  Marum  (1780)  noticed  that  when  electric  sparks 
had  been  passed  through  air  or  oxygen,  the  gas  possessed  a  peculiar 
odor,  and  rapidly  tarnished  quicksilver.  Schonbein,  of  Basle,  in  1840, 
showed  that  this  peculiar  smelling  gas  was  developed  by  exposing 
moist  phosphorus  to  air.  Since  1840  ozone  has  been  further  examined 
by  Marignac,  De  la  Eive,  Fremy,  Becquerel,  Odling,  Andi-ews,  &c. 

Natural  History  {See  Ozone  under  Air). 

Nature  of  Ozone. — Schonbein,  in  the  first  instance,  regarded  ozone 
as  peroxide  of  hydrogen  (HgOj  or  in  old  formula  HOg) ;  Baumert  and 
Williamson  independently  fixed  H2O3  as  its  composition,  because  water 
and  oxygen,  as  they  supposed,  were  formed  by  its  decomposition  : 
(H203=H20  +  02).  Berzelius,  Marchand,  Erdmann,  Marignac,  De  la 
Hive,  Fremy,  Becquerel,  and  Andrews  afterwards  showed  that  pure 
dry  oxygen  could  be  ozonized,  whilst  Andrews  proved  that  with  proper 
precautions  no  water  results  from  its  decomposition.  Schonbein  after- 
wards regarded  ozone  as  permanently  negative  oxygen  (O),  there 

+ 

being  as  he  thought,  a  permanently  positive  oxygen  (O)  (antozone) 
(see  page  80). 

Chemists  are  now  agreed  that  ozone  is  an  allotropic  oxygen,  where 
three  volumes  are  condensed  into  two.  This  view,  first  reasoned  out 
by  Odling,  was  afterwards  confirmed  by  the  observations  of  Andrews, 
who  showed  that  (1)  ozonization  is  accompanied  by  a  gradual  diminu- 
tion in  the  bulk  of  the  gas  ;  (2)  that  when  the  ozonized  oxygen  is 
heated,  it  returns  to  its  original  bulk,  and  (3)  that  when  ozone  is 
absorbed  by  mercury  or  by  potassic  iodide,  the  volume  of  the  gas  is- 
not  affected.    {Phil.  Trans.,  1860,  p.  113.)    Thus  :— 

000  +  Hg  =  HgO  +  00 


2  vols,  of  Ozone. 


2  vols,  of  common  0. 
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Further  confirmatiou  of  this  view  was  obtaiued  by  Soret,  who 
found  that  the  increased  volume  of  an  ozonized  oxygen  when 
•decomposed  by  heat  was  one-half  the  decrease  of  volume  when 
the  same  ozonized  oxygen  was  treated  with  bodies  like  oil  of  thyme, 
which  absorb  it  without  decomposing  it.  Brodie  and  Soret  have  veri- 
fied the  same  fact  by  observing  rapidity  of  diflhision,  diffusion  being 
known  to  occur  inversely  as  the  square  root  of  the  density.  {See 
Diffusion.)  Soret  showed  that  271  volumes  of  ozone  diffused  in  the 
same  time  as  227  volumes  of  chlorine,  or  as  1  volume  of  ozone  to  0"8376 
volume  of  chlorine,  a  relationship  closely  expressed  by  the  theoretical 
statement 

ySo-o  :  y24-0. 

Preparation. — Ozone,  however  prepared,  always  contains  a  large 
admixture  of  air  or  oxygen.  Hence  our  knowledge  of  it  relates  to 
a  dilute  body.  The  following  are  some  of  the  methods  by  which  a 
mixture  of  ozone  (say,  at  most,  a  20  per  cent,  mixture)  with  air  or 
oxygen  may  be  obtained. 

(1.)  By  electrical  agency.  The  silent  passage  of  electricity  through 
damp  oxygen,  is  the  method  best  adapted  for  its  generation.  A  small 
induction  spark,  or  the  brush  from  the  electrical  machine,  may  also 
be  employed,  but  the  long  spark  from  the  coil,  on  account  of  its  high 
temperature,  destroys  the  ozone  as  fast  as  it  is  generated.  Various 
ozouizers  have  been  invented,  in  order  to  secure  this  silent  passage  of 
electricity  through  oxygen.  That  of  Hovzeau  consists  of  a  glass  tube 
filled  with  oxygen,  a  platinum  wire  being  placed  in  the  centre  of  the 
tiibe,  and  attached  to  one  terminal  of  an  induction  coil,  whilst  a  second 
wire  is  wound  round  the  glass  tube  and  attached  to  the  other  ter- 
minal. Siemen's  ozonizer  consists  of  two  glass  tubes,  one  placed  inside, 
but  separated  by  a  small  interval  from  the  other,  through  which  inter- 
space a  stream  of  oxygen  may  be  continuously  passed.  The  internal 
tube  has  its  inner  surface,  and  the  external  tube  its  outer  surface,  covered 
with  tin-foil.  When  these  are  connected  with  different  poles  of  the 
coil,  a  silent  discharge  takes  place  between  them,  whereby  the  ozoni- 
zation  of  the  intermediate  oxygen  is  effected.  By  means  of  these 
ozonizers,  60  to  120  milligrammes  of  ozone  per  litre  of  oxygen  may  be 
obtained. 

It  is  most  important  in  the  preparation  of  ozone  to  keep  the  tem- 
perature low  by  the  use  of  freezing  mixtures. 

(2.)  By  the  electrolysis  of  dilute  sulphuric  acid.  The  oxygen  set  free 
at  the  positive  pole  by  the  electrolysis  of  dilute  sulphuric  acid  contains 
about  part  of  its  volume  of  ozone,  i.e.,  about  3  to  5  milligrammes 
per  litre. 

When  perfectly  dried  the  odour  of  the  electrolytic  oxygen  remains, 
whilst  if  it  be  subjected  to  heat,  the  smell,  as  well  as  the  active 
oxidizing  power,  of  the  gas  is  destroyed  without  any  trace  of  moisture 
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being  produced,  thereby  proving  that  electrolytic  oxygen  is  not,  as  was 
once  supposed,  an  oxide  of  hydrogen. 

The  water  mixed  with  the  acid  should  be  free  from  all  organic  or 
other  oxidizable  matters,  and  the  presence  of  a  little  bichromate  of 
potash  iu  solution  is  said  to  assist  its  formation.  (Baumert.) 

(3.)  By  sloiu  combustion  (Eremacausis)  :  (a)  of  phosphorus  in  moist  air 
(Schonbein.)  The  phosphorus  employed  should  be  freshly  scraped, 
and  kept  at  a  temperature  of  from  70°  to  90°  F.  (21°  to  32°  C).  It 
should  not  be  allowed  to  act  on  the  same  air  for  more  than  an  hour, 
otherwise  the  ozone  first  generated  will  be  decomposed.  The  action 
is  more  complete  if  the  air  iu  the  vessel  be  slightly  rarefied,  the  best 
effects  being  produced  by  employing  a  mixture  of  hydrogen  and  oxygen 
in  the  place  of  air.  The  gas  must  afterwards  be  washed  with  water  to 
free  it  from  phosphorous  acid.  (/3.)  By  the  dow  combustion  of  ether  and 
volatile  oils.  When  the  combustion  of  ether  is  effected  by  glowing 
platinum,  or  by  placing  a  hot  glass  rod  in  a  bottle  filled  with  the 
vapor,  ozone  is  produced,  together  with  certain  acid  vapours.  Aro- 
matic plants  and  flowers  are  also  said  to  generate  ozone  (Mantegazza). 

(4.)  By  the  rapid  combustion  of  all  bodies  containing  hydrogen.  The 
generation  of  ozone  under  these  conditions  is  supposed  to  be  due  to 
the  hydrogen  molecule  combining  with  a  half-molecule  of  oxygen  (a), 
leaving  the  other  oxygen  atom  free  to  combine  with  a  second  oxygen 
molecule  to  form  ozone  (/3).    Thus — 

(a.)  H2  +  02  =  H20  +  0;   (/3.)  0  +  02  =  03. 
Ozone  is  not  formed  by  the  combustion  of  carbon,  inasmuch  as  carbon 
combines  -not  with  half-molecules  of  oxygen  (0),  but  with  complete 
molecules  (Oo).  (Thau.) 

(5.)  By  the  action  of  oxygen  on  fine  pai^ticles  and  on  large  surfaces. 
When  lead  pyrophorus  is  exposed  to  the  air,  it  catches  fire  spontane- 
ously owing  to  the  generation  of  ozone  by  the  action  of  air  on  the 
finely-divided  metallic  particles.*  Similarly,  when  phosphorus  is  dis- 
solved in  bisulphide  of  carbon,  and  the  solvent  allowed  to  evaporate, 
the  finely-divided  phosphorus  fires  spontaneously. 

(6.)  By  nascent  action.  The  intense  activity  of  nascent  oxygen,  it 
is  thought,  may  be  due  to  the  gas  being  ozonic.  Probably  the  oxy- 
gen set  free  by  plants  from  the  decomposition  of  carbonic  anhydride 
is  also  ozonic.  (De  Lucca,  Pharmaceutical  Journal,  July,  1873, 
p.  65.)  Possibly  to  this  may  be  traced  the  bleaching  action  of  morning 
dew, 

(7.)  Ozone  is  also  formed  during  the  evaporation  of  water.  {Ann. 
Chem.  Pharm.,  clxi.,  232.)  This,  no  doubt,  explains  the  operation  of 
meadow  bleaching  where  damp  linen  is  exposed  to  the  air  for  the 

*  Possibly  this  action  may  be  due  to  the  carbon  present  absorbing  oxygen,  and  so 
bringing  it  within  the  sphere  of  afllnity. 
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purpose  of  rendering  it  white.  It  also  explains  the  occurrence  of 
ozone  in  the  neighbourhood  of  the  sea. 

Properties  of  Ozone.— («•)  Sensible.— A  colorless,  or  probably 
blue-tinted  gas,  having  a  peculiar  phosphorus-like  odor  (pl^w,  1  smell). 
Pure  ozone,  that  is,  ozone  free  from  air  or  oxygen,  has  never  been 
prepared. 

(/3.)  Physiological. — Its  special  action  in  respiration  will  be  discussed 
further  on  (page  81).  It  acts  as  an  intense  irritant  to  the  eyes  and 
nose,  and  rapidly  proves  fatal  to  animal  life.  (Thenard,  Schonbein, 
McKendrick  and  Dewar.) 

(y.)  Physical. — At  a  temperature  of  — 76°F.( — 105°  C.)  (produced  by 
the  evaporation  of  liquid  ethylene)  and  at  a  pressure  of  125  atmospheres, 
ozone  may  be  condensed  into  an  indigo-blue  liquid.  The  gas  consists  of  3 
volumes  of  oxygen  condensed  into  2  volumes;  hence  its  density  must  be 
1^  times  that  of  common  oxygen,  and  1  litre  must  weigh  (8  x  3)  24  criths 
(see  page  34).  It  decomposes  slowly  in  the  presence  of  moisture  at 
212°  F.  (100°  C).  If  kept  in  dry  and  sealed  tubes,  it  may  be  pre- 
served for  a  long  time,  although  it  ultimately  decomposes.  Decompo- 
sition is  instantaneous  at  a  temperature  of  from  450°  to  500°  F.  (232°  C. 
to  260°  C),  the  ozone  becoming  ordinary  oxygen  with  a  corresponding 
increase  of  bulk.  It  is  decomposed  when  agitated  with  finely-powdered 
fragments  of  glass.  Ozone  is  slightly  soluble  in  water,  the  solution 
having  the  smell  peculiar  to  the  gas.  At  32°  F.  (0°  C.)  100  volumes  of 
water  dissolve  i  volume  of  ozone  (Carius).  It  is  far  more  soluble  in 
certain  ethereafoils  and  in  bisulphide  of  carbon,  its  solution  in  the  latter 
forming  a  blue  liquid.    It  is  not  soluble  in  solutions  of  acids  or  alkalies. 

(g.)  Chemical. — Ozone  is  a  powerful  oxidizer.  This  action  depends 
on  its  desire  to  throw  olS  one  of  its  oxygen  atoms,  and  so  return  to 
the  condition  of  ordinary  oxygen.  It  bleaches  litmus,  and  is  as  power- 
ful a  supporter  of  combustion  as  ordinary  oxygen.  29,600  units  of 
heat  are  absorbed  in  the  formation  of  ozone  from  oxygen.  Hence  its 
greater  chemical  activity,  this  heat  being  liberated  when  oxidation  is 
effected  through  its  agency. 

(1.)  Action  on  the  non-metallic  elements.— These  are  as  a  whole  but 
little,  and  but  slowly,  affected  by  it.  It  rapidly  oxidizes  the  com- 
pounds of  hydrogen  with  phosphorus,  sulphur,  and  selenium.  There  is 
some  doubt  whether  or  not  it  can  effect  the  conversion  of  nitrogen  into 
nitric  acid  in  the  presence  of  water. 

(2.)  Action  on  metals.— 1^ one  of  the  metals,  except  mercury,  are 
affected  by  dry  ozone,  whilst  in  the  presence  of  moisture  nearly  all  the 
metals  (except  gold  and  platinum)  are  oxidized  by  it.  Even  metallic 
silver  is  converted  into  a  peroxide.  It  is  to  be  noted  that,  under  these 
circumstances,  no  contraction  of  the  gas  results,  the  ozone  returning 
from  the  triatomic  to  the  diatomic  condition  of  ordinary  oxygen. 

Its  action  on  mercury  is  remarkable.    The  mobility  of  the  metal  is 
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at  once  destroyed,  and  the  mercury  rendered  adherent,  when  shaken 
to  the  glass  vessel  in  which  it  is  contained. 

(3.)  Action  on  mineral  compounds.— Ozone  converts  the  protoxides 
and  protosalts  of  lead,  tin,  iron,  manganese,  etc.,  into  peroxides  and 
persalts.  Some  peroxides  decompose  ozone,  and  are  themselves  at 
the  same  time  partially  reduced.  Thus  the  peroxides  of  copper,  man- 
ganese and  barium,  etc.,  exhibit  this  catalytic  action  on  ozone  :  

BaOo  +  O3  =  BaO  +  2O2. 

The  sulphides  and  selenides  are  also  oxidized  by  it  into  sulphates  and 
selenates.  Thus,  black  lead  sulphide  becomes  a  white  lead  sulphate, 
and  ferrocyanides  are  converted  into  ferrieyanides.  It  decomposes 
iodide  of  potassium,  iodine  being  set  free. 

(4.)  Action  on  organic  matter  and  on  organic  compounds. — Organic 
bodies  generally  are  speedily  oxidised  by  ozone.  It  bleaches  indigo 
{converting  it  into  isatin),  decolorizes  blood,  and  converts  alcohol  into 
aldehyd.  Tincture  of  guaiacum  is  turned  green,  and  cork  and  caout- 
chouc are  speedily  acted  upon  by  it.  Putrid  flesh  is  deodorized  and 
albumen  is  destroyed  by  it.  Strychnia  and  aniline  assume  various  tints 
under  its  action.  It  is  absorbed  by  turpentine,  by  oil  of  thyme,  and 
by  many  essential  oils  without  «ufEering  decomposition.  This  circum- 
stance has  been  employed  by  Soret  to  prove  its  composition,  seeing  that 
the  diminution  in  volume  occurring  when  ozonized  oxygen  is  acted  on 
by  these  absorbents,  is  exactly  twice  as  great  as  the  volume  increase 
found  after  the  ozone  has  been  decomposed  by  heat.  It  has  no  action 
on  paraffin,  which  may,  therefore,  be  used  for  joining  apparatus  used  in 
its  generation,  and  in  experiments  upon  it. 

Ozone  is  used  for  bleaching  discolored  engravings. 

Special  Tests  for  Ozone.— (i.)  White  bibulous  paper  soaked 

in  a  solution  of  1  part  of  potassic  iodide,  and  5  parts  of  starch,  in  100 
parts  of  water,  constitutes  the  common  ozone  test-paper.  Ozone,  like 
chlorine  and  most  oxidizing  agents,  displaces  the  iodine  from  its  com- 
bination, the.  iodine  thus  set  free  blueing  the  starch  :  

O3  +  2KI  +  H,0  =  2KH0  +  I.  +  O,. 

For  determining  the  presence  of  ozone  in  the  air,  Schonbein  employed 
moist  ozone  papers,  whilst  Moffatt  preferred  them  dnj.  For  determin- 
ing quantity  the  tint-depth  is  relied  upon.  The  fallacies  to  the  use  of 
the  iodide  paper  as  a  test  for  ozone,  are  the  presence  in  the  air  of 
chlorine  and  of  the  oxides  of  nitrogen,  these  latter  being  formed  in  the 
air,  as  well  as  ozone,  by  electrical  discharges. 

(2.)  Houzeau's  Ozonometer  consists  of  neutral  litmus  paper,  soaked  in 
a  dilute  solution  of  potassic  iodide,  the  potash  set  free  by  the  ozone 
turning  the  paper  blue.  A  piece  of  the  litmus  paper  without  iodide,  is 
also  exposed  to  the  air  at  the  same  time,  a  comparison  of  the  two 
papers  indicating  how  far  the  action  on  the  iodide  paper  may  be  due 
to  ammonia  in  the  air,  and  not  to  the  action  of  ozone. 
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(3.)  A  solution  of  sulphate  of  manganese  is  turned  brown  by  ozone, 
owing  to  the  formation  of  the  hydrated  manganous  peroxide, 

(4.)  A  colorless  solution  of  a  protosalt  of  thallium  is  turned  yellow 
by  ozone,  but  not  by  the  oxides  of  nitrogen  ("  Intellectual  Observer," 
1867,  p.  399).  Bottger  has  suggested  the  use  of  thallous  oxide  paper 
on  this  ground. 

(5.)  Paper  stained  black  with  plumbic  sulphide  becomes  white  from 
the  formation  of  sulphate. 

Quantitative  Determination. — This  is  made  either  (l)  by  means 
of  a  weighed  quantity  of  dry  mercury,  which  rapidly  absorbs  ozone, 
or  (2)  by  estimating  the  amount  of  iodine  liberated  in  a  solution  of 
potassic  iodide  of  known  strength,  a  little  hydrochloric  acid  being 
added  to  prevent  the  absorption  of  carbonic  acid: — 

O3  +  2KI  +  H2O  =  O2  +  I2  +  2KH0. 
Antozone. 

Schonbein  first,  and  afterwards  Brodie,  directed  attention  to  the  fact 
that  oxygen  appears  to  exist  in  certain  compounds,  not  only  in  a 
state  different  from,  but  actually  antagonistic  to,  ozone.  Schonbein 
termed  this  form  of  oxygen,  antozone.  Brodie  was  of  opinion 
that  the  difference  between  ozone  and  antozone  depended  on  the 
oxygen  in  the  two  cases  existing  in  different  polar  conditions,  the 
polarity  being  determined  by  the  body  with  which  it  was  associated 
(Odliug,  p.  125). 

For  example  ;  (a.)  The  nascent  oxygen  evolved  from  peroxide  of 
manganese  (MnOg),  or  from  peroxide  of  lead  (PbOo),  or  from  chromic  acid 
(H2Cr04),  or  from  manganic  acid  (HMn04),  was  regarded  as  ozonic, 
for  in  a  nascent  state  it  was  found  to  color  strychnia  and  guaiacum  ; 
whereas — 

(/3.)  The  nascent  oxygen  evolved  from  peroxides  of  barium,  stron- 
tium, calcium,  and  hydrogen,  on  the  contrary,  neither  coloured  strychnia 
nor  tincture  of  guaiacum.  Further,  the  oxygen  obtained  from  these 
bodies  seemed  in  some  respects  to  be  antagonistic  to  the  ozone 
obtained  from  the  former  series  (a)  combining  with  it  to  form  common 
oxygen. 

These  facts  suggested  the  notion  that  the  oxygen  present  in  these 
bodies  respectively  must  exist  in  different  polar  or  electrical  states, 
the  one  possessing  the  power  of  neutralizing  the  other.    Thus — 

+  --              +-+               +-  +-  +- 

MnOO  +      H2OO  =     MnO  +      HoO  +  00 

J'eroxide  of  +  Peroxide  of  =  Manganese  +  Water  +  Common 
manganese             hydrogen              oxide  oxygen. 

Kecent  researches  have,  however,  proved  beyond  doubt  that  this 
antozone  is  merely  peroxide  of  hydrogen.    (aS'*?^  ludex.) 


USES  OF  OXYGEN.  Ql 

Uses  of  Oxygen.  A.  In  Nature.— Oxygen  acts  as  the  great  burner 
up  of  dead  organic  matter.  We  see  eremacausis  or  slow  oxidation 
taking  place  in  the  decay  of  wood  (dry  oxidation),  in  the  formation  of 
humus  and  peat  (wet  oxidation),  and  in  the  change  of  wood  into  coal 
(wet  and  imperfect  oxidation).  In  nitrification  we  see  the  action  of 
oxygen  producing  nitres.  Oxygen  effects  the  resinification  of  the  fixed 
and  volatile  oils,  illustrated  in  the  drying  of  paint,  in  the  occasional 
firing  of  greasy  rags,  and  more  generally  in  the  formation  of  resins. 
The  acetification  of  alcohol,  again,  is  an  oxidizing  action:  thus — 
C^HgO  +02  =  CoH^Os  +  H2O 
Alcohol        +       Oxygen     =       Acetic  acid        +  Water. 

B.  In  Respiration.— By  the  act  of  respiration  the  oxidation  of 
tissue  is  effected.    This  process  is  common  to  all  animals.  Oxygen 
must  be  brought,  by  some  means  or  other,  into  contact  with  the  blood, 
and  by  it  with  the  body  generally.    For  this  purpose  we  find  in  some 
animals  a  minute  series  of  tubes,  along  which  air  is  conveyed  through 
the  system.    In  fish,  the  water  that  contains  oxygen  in  solution,  passes 
through  the  gills,  and  coming  into  contact  with  a  fine  membrane, 
upon  the  opposite  side  of  which  the  blood  of  the  animal  circulates, 
a  free  interchange  of  gases  occurs.    In  some  animals,  as  in  frogs, 
respiration  is,  in  great  part  (and  in  the  higher  animals  in  a  lesser  degree) 
cutaneous  transpiration  ;  whilst  in  animals  generally  the  lungs  constitute 
the  principal  machinery  for  effecting  the  proper  oxygenation  of  the 
blood.     In  respiration  the  changes  produced  are  threefold;  (1)  a 
visible^  or  color  change ;  (2)  a  physical  or  heat  change,  resulting  from 
chemical  combination  ;  and  (3)   a  chemical  change.      The  facts  of 
respiration  were  collected  slowly  ;  Mayow  (1674)  proved  the  taking 
in  by  the  lungs  of  a  something  present  in  the  air;  Black  (l7o7) 
proved  the  return  of  a  something  to  the  air  during  exhalation  ;  whilst 
Lavoisier  proved  that  the  active  gas  taken  in  by  the  lungs  was 
oxygen,  and  the  gas  returned  carbonic  anhydride.     He  was  further 
of  opinion  that  the  animal  heat  was  the  result  of   a   process  of 
combustion,  the  union  of   carbon  and  oxygen.    But  he  noted  that 
the  carbonic  anhydride  given  back  to  the  air,  only  accounted  for  a 
portion  of  the  oxygen  taken  from  the  air.*    Hence  arose  a  theory  of 
diffusion,  which  regarded  respiration  as  a  purely  physical  act.  This 
may  be  stated  as  follows: — The  venous   blood,  rich  in  carbonic 
acid  but  poor  in  oxygen,  passes  into  the  minute  pulmonic  capillaries, 
external  to  which  is  a  mixed  gas  (the  air),  containing  very  little 
carbonic  acid,  but  rich  in  oxygen ;  hence  an  interchange  of  gases  takes 
place  to  establish  equilibrium.     More  recent  experiments,  however, 
have  shown  that  breathing  is  not  merely  a  physical,  but  a  chemical 

*  Herbivorous  animals  are  said  to  exhale  carbonic  acid  in  volume  equal  to  the 
oxygen  taken  in,  whilst  carnivorous  animals  exhale  a  volume  of  carbonic  acid  40  per 
cent,  less  than  the  inhaled  oxygen. 
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act.  In  the  red  biood-corpuscles  a  compound  exists  called  "  haemo- 
globin." Tins  body  has  a  purple  color  in  venous  blood,  but  is  capable 
of  combining  chemically  with  oxygen  to  form  a  vermilion  red  body 
called  "  oxy-h£emoglobin,"  the  coloring  matter  of  arterial  blood.  The 
active  agent  in  respiration  is  this  hjemoglobin,  a  body  remarkable 
for  the  ease  with  which  it  both  combines  with,  and  delivers  up 
oxygen.  Asphyxia  means  the  non-oxygen ation  of  the  purple  haemo- 
globin. Other  gases,  such  as  carbonic  oxide,  are  also  capable  of  com- 
bining with  it,  forming  e.g.  "  carbonic  oxide  haemoglobin"  which  has  a  red 
color  like  oxy-hsemoglobin,  but  is  unlike  it,  in  that,  when  once 
formed,  the  haemoglobin  cannot  part  with  the  carbonic  oxide,  in  the 
same  way  that  it  can  with  oxygen.  Hence  the  cause  of  death  in 
poisoning  by  this  gas. 

Experiments  (some  teach)  have  shown  that  the  blood  corpuscles 
possess  the  power  of  ozonizing  the  oxygen  inhaled,  peroxide  of  hydro- 
gen being  formed  by  its  combination  with  water.  This  compound  is 
again  decomposed  into  water  and  oxygen,  which  oxygen  in  its  nascent 
state  serves  the  purpose  of  oxidation.  It  is  certain  that  both 
blood  and  haemoglobin  have  the  poAver  of  setting  free  the  oxygen  ab- 
sorbed by  oil  of  turpentine,  and  that  blood  globules  act  similarly  on 
peroxide  of  hydrogen.  The  nascent  oxygen  thus  evolved  is  capable  of 
acting  on  such  bodies  as  potassic  iodide  and  starch,  tincture  of  guaia- 
cum,  etc.  In  fact,  Schonbein  taught  that  the  function  of  the  blood 
corpuscles  was  the  chemical  excitement  of  the  oxygen  of  the  respired 
air.  If  hfcraoglobin  be  mixed  with  alcohol  or  heated  to  212°  F.,  it  then 
loses  its  poAver  of  decomposing  the  peroxide.  Thus  it  is  held  that  there 
is  perpetually  going  on,  in  the  animal  organism,  this  formation  and 
destruction  of  ozone  and  peroxide  of  hydrogen.  The  solution  of  the 
corpuscles,  and  their  alteration  into  other  products  is  believed  to  be 
due  to  the  ozone.  These  products  have  no  longer  any  plastic  property, 
and  in  this  way  Schmidt  believed  the  fluidity  of  the  blood  to  be 
maintained.    (Schonbein,  Schmidt,  Schreiber,  etc.) 

The  quantity  of  oxygen  required  for  respiration  is  important.  It 
varies  with  sex,  age,  diet,  exercise,  etc.     The  following  facts  are 

important: —  n  • 

I.  The  Carbon  daily  consumed  as  food,  and  daily  evolved  as  Carbonic 


Adult  Man. 

Carton  consumed  in 
diet  daily. 

Carbon  evolved  by  lungs 
daily  as  CO^. 

With  ordinary  labor 
With  active  work    . . 

ozs. 

8-72 
13-00 
15-60 

grains. 
3816 
5688 
6825 

ozs. 
7-86 
9-11 
12-90 

grains. 
3434 
3985 
6644 

The  3985  grains  of  carbon  evolved  per  day  from  the  lungs  by  a 


USES  OF  OXYGEN. 


83 


■man  iu  ordinary  work  is  equivalent  per  hour  to  about  1240  cubic 
inches  of  carbonic  acid. 

Carbon  consumed  per  hour  by  males  (Andral  and  Gavarret). 

Up  to  8  years  of  age  . .       . .       . .  77  grains. 

From    8  to  16    133  „ 

15  to  20    175  ,, 

,,    20  to  40    185  ,, 

„     40  to  60    155  „ 

60  and  over  ..       ..       ,.  95 

Females  consume  somewhat  less,  viz.,  98  grains  per  hour  from  15 
to  40  years. 

II.  The  oxygen  daily  consumed  by  the  food  taken  by  an  average  man. 
(The  following  results  are  the  mean  of  the  observations  of  Dumas, 

Liebig,  Regnault,  Lassaigne,  Scharling,  and  Smith): — 

ozs.  cubic  feet. 

Oxygen  consumed  by  the  9  ozs.  of  the  carbon  of  food      . .      24  =  17-73 
„     2  oz.    ,,      hydrogen    „        ..       4  =  2-95 

Total  of  oxygen  consumed  daily     ..       ,.       ..      28  ==  20-68 

This  is  at  the  rate  per  hour  of  ' 

1489  cubic  inches  of  oxygen ;  or 
7445  of  air. 

III.  Normal  air  contains  0-04  per  cent,  (or  4  parts  in  10,000)  of 
carbonic  acid.  Air  containing  4  per  cent,  of  carbonic  acid  (the  quan- 
tity present  in  air  once  breathed)  is  perfectly  irrespirable  ;  air  con- 
taining 1  per  cent,  of  carbonic  acid  is  extremely  distressing  ;  air  con- 
taining 0-1  per  cent,  may  be  regarded  as  polluted. 

IV.  It  follows  that  the  quantity  of  air  used  per  hour  (7445  cubic 
inches)  plus  that  vitiated  by  the  1240  cubic  inches  of  carbonic  acid 
expired,  must  be — 

At  4  per  cent,  of  COg  38,445  cub.  in.  =  22-22  cub.  ft. 
At  1       „       „         131,445     „       =  76-08  „ 
At  0-1     „       „      1,247,445     „       =723-64  „ 

V.  The  quantity  of  air  required  for  respiration  by  an  ordinary  man 
is  equal  to  that  contained  in  a  room  9  ft.  square  and  9  ft.  high,  re- 
newed every  hour,  whilst  for  good  breathing  it  should  be  renewed 
every  half-hour.  When,  therefore,  we  fix  300  cubic  feet  as  the  space 
per  head  in  sleeping-rooms,  it  is  manifest  that  this  must  be  regarded 
aa  a  minimum,  and  implies  thorough  ventilation  of  the  apartment. 

VI.  In  these  calculations  the  carbonic  acid  from  the  lungs  is  the 
only  product  considered.  There  is  also,  however,  the  carbonic  acid 
given  off  from  the  skin,  etc.,  which  correctly  should  be  taken  into 
account. 

It  may  be  noted  that  a  horse  consumes  aboitt  13  times  as  much 

G  2 
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oxygen  as  a  man  ;  that  is,  he  requires  about  19,000  cubic  inches  of 
oxygen,  or  95,000  cubic  inches  of  air,  per  hour. 

C.  As  AN  Agent  op  Combustion. — The  following  table  shows  the 
quantity  of  oxygen  consumed,  the  carbonic  acid  j)roduced,  and  the  air 
vitiated  by  the  combustion  of  1  lb.  of  the  following  substances — 


One  pound  of 


Cubic  ft.  of 

Oxygen 
consumed 


Newcastle  Coal 
Dry  "Wood    . . 
Dry  Turf     . . 
Coke     . .    . . 
Charcoal 
Camphine 
Benzol  . . 
Spermaceti   . . 
"Wax     . .    . . 
Stearic  Acid  . . 
Stearin  . . 
Paraffin  . . 
Paraffin  Oil  . . 
Rape  Oil 
Sperm  Oil 


1  cubic  foot  of  common 
coal  gas  =  14  candles 

1  cubic  foot  of  cannel 
coal  gas  =  20  candles 


30-  15 
15-85 
17-15 
28-14 

31-  26 
38-90 

36-  3 

37-  0 

37-  7 
34-6 
34-4 
40-5 
40-5 

38-  7 
38-7 


1-17 
1-56 


Cubic  ft. 

of  Air 
consumed. 


150-75 
79-25 
85-75 
140-70 
156-30 
194-5 
181-6 
185-0 
188-5 
173-0 
172-0 
202-5 
202-5 
193-5 
193-5 


5-85 
7-80 


Cubic  ft.  of 
Carbonic 

Acid  (COa) 
produced. 


25-62 

15-  30 

16-  51 

28-  88 
31-11 
27-8 

29-  1 
25-2 
25-6 
24-0 
24  2 
27-0 
27-0 
24-3 
24-3 


0-55 
0-83 


Cubic  ft.  of 
Air  vitiated 
(that  is  CO, 
=  1  perct.) 


2713 

1609 

1737 

3129 

3267 

2974-5 

3091-5 

2705-0 

2748-5 

2573-0 

2592-0 

2902-5 

2902-5 

2623-5 

2623-5 


Heat  pro- 
ducedinlbs. 

of  water 
raisedlQOF. 


60-55 
90-80 


11.59 
676 
579 
1255 
1409 
1967 
1820 
1759 
1581 
1706 
1800 
2133 
2133 
1775 
1775 


65 
76 


The  following  table  shows  the  oxygen  consumed,  the  carbonic  acid 
produced,  and  the  air  vitiated,  by  the  combustion  of  certain  bodies, 
burnt  so  as  to  give  the  light  of  12  standard  sperm  candles,  each  candle 
burning  at  the  rate  of  120  grains  per  hour  each  :— 


Burnt  to  give  light  of 
12  candles,  each  burn- 
ing at  the  rate  of  120 
grains  per  hour. 


Cannel  Gas  . . 
Common  Gas 
Sperm  OU.    . . 
Benzole . . 
Paraffin  . . 
Camphine 
Sperm  Candles 
Wax 

Stearic  , , 
Tallow  ,, 


Cubic  ft.  of 

Oxygen 
consumed. 


Cubic  ft. 

of  Ail- 
consumed. 


3-30 

16 

50 

5-45 

27 

25 

4-75 

23 

75 

4-46 

22 

30 

6-81 

34 

05 

6-65 

33 

25 

7-57 

37 

85 

8-41 

42 

05 

8-82 

44 

-10 

12-00 

60 

00 

Cubic  ft.  of 
Carbonic 

Acid  (COj) 
produced. 


01 

21 
33 
54 
50 
77 
77 
90 
'25 
•73 


Cubic  ft.  of 
Au-  vitiated 
(that  is  COj 
=  1  per  ct.) 


Heat  pro- 
duced in  lbs. 

of  water 
raisedlO°F. 


217-50 

195-0 

348-25 

278-6 

356-75 

233-5 

376-30 

232-6 

484-05 

361-9 

510-25 

325-1 

614-85 

351-7 

632-25 

383-1 

669-10 

374-7 

933-00 

605-4 

USES  OF  OXYGEN. 
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It  would  tlius  appear  that,  of  all  tlie  substances  named,  cannel  gas 
vitiates  air  the  least,  and  tallow  candles  the  most,  and  that  the  order 
of  their  vitiating  effect  is  also  very  nearly  the  order  of  their  heating 
effect. 

Regnault  has  shown  that  the  same  heat  which  will  raise  1  lb.  of 
water  1°  F.,  will  raise  49  cubic  feet  of  air  (=  3-6  lbs.)  1°  F. ;  or, 
again,  that  the  heat  that  will  raise  1  cubic  foot  of  water  (=  62-23  lbs.) 
1°F.,  will  raise  3,054  cubic  feet  of  air  (=  233-71  lbs.)  to  the  same 
extent. 

D.  As  AN  Oxidizing  Body.— Endless  illustrations  of  this  action 
might  be  given. 

.  E.  As  A  Medicinal  Agent. — "  Oxygenated  water,"  and  "peroxide 
of  hydrogen,"  have  been  suggested  and  employed  as  medicinal  agents, 
and  particularly  in  oxaluria,  a  disease  dependent  on  deficient  oxidation. 
Their  efficacy  is  more  than  doubtful. 

Lastly,  we  note  that  the  regular  supply  of  oxygen  in  the  air  is 
maintained  by  plant-life,  the  carbon  being  retained  in  combination  by 
the  plant,  whilst  the  free  oxygen  is  evolved  into  the  atmosphere  for 
the  support  of  animal  life.    Thus — 

12C0o  +  llHaO  =  CisHsgOii  +  I2O2. 

Sugar. 
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CHAPTER  V. 
THE  HALOGENS,  OB,  HALOID  ELEMENTS. 

Fluorine.  Chlorine  :  Compounds  of  Chlorine  and  Oxygen — Hypochlorous  Anhy- 
dride— Hypochlorous  Acid — Chlorous  Acid — Chloric  Peroxide — Chloric  Acid — 
Perchloric  Acid.  Bromine  :  Compounds  of  Bromine  with  Oxygen  and  Chlorine. 
Iodine  :  Compounds  of  Iodine  and  Oxygen — Iodic  Acid — Periodic  Acid — Com- 
pounds of  Iodine  and  Chlorine — Generalization  on  the  Halogens , 

FLUORINE  (F  ). 

Atomic  weight,  19  [more  accurately  19-1].  Monad  (')  (as  in  HF) 
[also  regarded  by  some  as  an  octad].  Specijic  gravity,  theoretical 
(0-0693  X  19)  1-3167.  1  litre  weighs  19  criths  (0-0896  x  19) 
=  1'7024  grms,,  and  100  ctibic  inches  weigh  40*717  grains,  at 
60°  F.  and  30  B.P. 

Synonyms. — Fluoric  Radical  (Berzelius)  ;  Fluoricum ;  Fluorine 
(Davy). 

History. — That  the  fumes  evolved  by  the  action  of  heat  on  a 
mixture  of  sulphuric  acid  and  fluor  spar  would  etch  glass  was  known 
in  the  16th  century.  Scheele  studied  the  composition  of  fluor  spar. 
Gay  Lussac  and  Thenard  demonstrated  that  it  was  composed  of 
calcium  and  hydrofluoric  acid,  which  they,  in  common  with  Davy, 
believed  to  be  an  oxygen  compound  (fluate  of  lime).  In  1812  and 
1813,  Davy  obtained  hydrogen  at  the  negative  pole  and  free  fluorine 
at  the  positive  pole  by  the  electrolysis  of  hydrofluoric  acid.  Thus  he  de- 
monstrated the  analogy  between  hydrochloric  and  hydrofluoric  acids,  and 
also  between  chloride  and  fluoride  of  calcium.  He  was  unable,  how- 
ever, to  collect  the  fluorine,  owing  to  its  intense  action  on  the  vessels 
used  in  the  experiment.  As  yet  it  has  never  (satisfactorily,  at  any 
rate)  been  isolated.  The  Messrs.  Knox,  of  Dublin,  in  1836,  and 
Davy,  in  1840,  obtained  fluorine  by  electrolysing  hydrofluoric  acid  in 
fluor  spar  bottles.  In  1858,  Phipson  is  stated  to  have  obtained  it  by 
heating  together  hydrofluoric  and  nitric  acids.  It  has  been  examined 
at  different  times  by  Fremy,  Baudrimont,  Kammerer,  and  other  chemists. 

Natural  History. — It  is  never  found  in  nature  in  a  free  state, 
(a.)  In  the  mineral  kingdom  it  is  tolerably  abundant,  as  fluor  or  Derby- 
shire spar  (CaFo),  and  as  cryolite  (6NaF,Al2F6),  a  mineral  found  in 
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Greenland.  It'  also  exists  as  a  fluoride  of  cerium,  and  is  found  in 
certain  minerals,  such  as  -wavellite,  mica,  fluor,  apatite,  topaz,  etc.  It 
is  present  in  sea  and  in   many  mineral  waters.  In  the  vege- 

table kingdom  it  occurs  in  numerous  plants,  and  particularly  in  the 
siliceous  stems  of  grasses,  (y.)  In  the  animal  kingdom  it  is  found  in 
the  teeth,  bones,  milk,  blood,  urine,  etc.  Bone  contains  about  2  per 
cent,  of  fluoride  of  calcium  (CaFo). 

Preparation. — It  has  never  been  isolated,  because  no  vessel  can  be 
constructed  to  withstand  its  action.  The  methods  attempted  to  effect 
its  separation  have  been  as  follows  : — 

1.  By  the  electrolysis  of  hydrofluoric  acid  in  fluor  spar  vessels. 
(Davy  and  the  Messrs.  Knox.) 

2.  By  the  action  of  sulphuric  acid  on  a  mixture  of  dioxide  of 
manganese  and  fluor  spar  : — 

2H0SO4  +   MnOo  +  CaFg  =  MnS04  +  CaS04  +  2H20  +  Fg. 
Sulphuric  +  Manganese  +  Calcic  =  Manganic  +  Calcic    +  Water  +  Fluorine 
acid  dioxide       fluoride      sulphate  sulphate 

3.  By  electrolysing  fused  potassic  fluoride.  (Fremy.) 

4.  By  heating  to  170°  F.  (77°  C),  a  mixture  of  iodine  with  an 
excess  of  argentic  fluoride  for  24  hours  in  an  hermetically  sealed  tube, 
in  which  the  air  has  been  previously  displaced  by  iodine  vapourj 
an  iodide  of  silver  and  a  fluoride  of  iodine  (IF5)  being  formed.  (Kam- 
merer.) 

5.  By  the  action  of  heat  on  cerium  tetrafluoride.  (Brauner.) 

Properties. — («•)  Sensible. — A  gas,  said  to  have  a  yellow  color, 
like  chlorine.    Its  odor  is  very  powerful. 

(/3.)  Physiological. — Its  action  on  the  animal  body  is  highly  dele- 
terious and  irritating. 

(y.)  Physical. — It  has  an  estimated  specific  gravity  of  1-3167  ; 
100  cubic  inches  should  weigh,  therefore,  40*717  grains,  and  a  litre 
1-7024  grms. 

(1.)  Chemical. — It  combines  with  most  of  the  elements,  but  not 
with  carbon,  nitrogen,  sulphur,  nor  chlorine,  and,  strangely  enough,  not 
with  oxygen.  Its  action  on  most  bodies,  especially  on  the  metals  (in  which 
It  even  surpasses  chlorine  in  activity),  and  on  silicon,  is  intensely 
energetic.  When  allowed  to  act  upon  glass,  the  SiOo  is  converted  into 
the  volatile  SiF4.  The  difficulty  of  collecting  the  gas  is  so  great  that 
an  accurate  study  of  its  properties  is  impossible.  It  is  said  to  be 
absorbed  by  caustic  potash,  potassic  fluoride  and  hydric  peroxide 
being  formed  (2KH0  +  Fg  =  2KF  +  HgOg). 

Later  researches  suggest  that  dry  silver  fluoride  is  not  decomposed 
by  chlorine,  bromine  or  iodine  at  a  red  heat, whilst  if  a  temperature  above 
redness  be  employed,  the  liberated  fluorine  combines  with  the  material 
of  the  containing  vessel  (carbon,  platinum,  gold  or  silver).  (Gore 
"Phil.  Trans.,"  1870,  p.  227.) 
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CHLORINE  (CI). 

Atomic  weight,  35-5  [more  accurately  35-37].  Molecular  weight,  71. 
Molecular  volume,  III-  Atomicity  monad  (')  (HCl)  (regarded 
by  some  as  an  octad).  Sj^ecijic  gravity  observed,  2*47  ;  theoretic 
(0-0693  X  35-37)  2-45012  ;  1  litre  weighs  35-37  criths  (0-0896  grm. 
X  35-5)  =  3-1734  grms.  100  cubic  inches,  at  60°  F.  and  30  B.P., 
weigh  76*076  grains. 

Synonyms. — Dephlogisticated  marine  acid  gas  (Scheele)  ;  oxygenated 
muriatic  acid  gas  (Berthollet)  ;  oxymuriatic  acid  (Kirwan  and  Pearson)  ; 
muriaticum,  or  muriatic  radical  (Berzelius)  ;  Chlorine  (Davy,  from 
■yXiopoQ,  green). 

History. —Discovered  by  Scheele  (1774)  when  acting  on  peroxide 
of  manganese  (pyrolusite)  with  hydrochloric  acid.  It  was  further 
examined  by  Berthollet  (1785),  and  named  by  him  "oxygenated 
muriatic  acid  gas,"  because,  when  placed  in  sunlight  he  found  that  the 
(moist)  gas  split  up,  as  he  supposed,  into  oxygen  and  muriatic  acid.  Gay 
Lussac  and  Th^nard  (1809)  showed,  however,  that  it  was  impossible 
to  effect  this  decomposition  with  dry  chlorine.  Davy  (1810)  further 
proved  its  elementary  nature. 

Natural  History. — It  is  never  found  free  in  nature,  (a.)  In  the 
mineral  kingdom  it  occurs  in  combination  with  sodium  and  other  metals, 
in  salt  mines  and  in  sea  water,  and  in  various  horn-minerals  such  as 
lead,  silver,  mercury,  etc.  In  volcanic  districts  it  is  foimd  combined 
with  hydrogen.  (/3.)  In  the  vegetable  kingdom,  it  is  not  an  abundant 
element ;  but  in  (y.)  the  animal  kingdom,  it  occurs  in  all  secretions. 
Its  absence  from  the  urine  in  pneumonia,  constitutes  a  peculiarity  of  that 
disease. 

Preparation. — The  first  process  described  is  the  common  laboratory 
process,  and  is  that  used  in  the  B.  P.  for  the  preparation  of  liq. 
chlori.  The  first  three  are  trade  processes,  the  tanks  used  in  the 
preparation  consisting  of  Yorkshire  flagstones  fastened  together  with 
iron  clamps,  and  the  joints  rendered  tight  with  vulcanized  caoutchouc. 

(1 .)  By  heating  a  mixture  of  manganese  dioxide  and  hydrochloric 
acid.    (Scheele.)    The  reaction  takes  places  in  two  stages  : — 

(a.)       MnOg       +        4HC1        =  MnCU         +  2H2O. 

Manganese  dioxide  +  Hydrochloric  acid  =  Manganic  tetrachloride  +  Water. 

(/3.)       MnCU  =  MnCl2  +  CL. 

Manganese  tetrachloride       ==       Manganous  chloride       +  Chlorine. 

[To  purify  the  gas  it  should  be  passed  first  through  water  to  absorb 
HCl,  and  afterwards  through  strong  sulphuric  acid  to  absorb  moisture. 
It  must  be  collected  either  by  the  displacement  of  air  or  over  hot 
water.   Mercury  cannot  be  used.] 

Any  oxide  will  yield  chlorine  with  hydrochloric  acid,  and  may  be 
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used  in  the  place'  of  the  manganese  oxide  (e.g.,  baric  or  plumbic  per- 
oxides), proA'ided  its  corresponding  chlorides  are  non-existent,  or  are 
decomposed  at  the  temperature  to  Avhich  the  mixture  is  subjected. 

If  oxide  of  manganese  and  hydrochloric  acid  be  mixed  in  the  cold,  a 
brown  liquid  results,  which  probably  contains  MnCl^  in  solution.  If 
this  solution  be  heated  free  chlorine  will  be  evolved. 

In  Weldon's  process  (which  is  employed  in  dealing  with  the  "  still 
liquor  "  of  bleaching-powder  factories),  the  MnClj  formed  as  above  (/3) 
is  decomposed  by  lime  (MnClo  +  CaO  =  MnO  +  CaCls).  This  MnO 
is  then  mixed  with  more  lime,  and  air  blown  through  the  mixture, 
whereby  the  MnO  is  converted  into  MnOg,  which  may  be  again  used 
for  generating  chlorine  with  hydrochloric  acid. 

It  has  been  suggested  to  prepare  chlorine  by  heating  the  dioxide  of 
manganese  with  a  mixture  of  nitric  and  hydrochloric  acids  (Schlosing). 
Chlorine  is  evolved,  whilst  the  manganous  nitrate  formed,  yields  when 
heated  MnO,  and  nitric  acid,  which  MnOg  may  be  again  used  to  decom- 
pose fresh  hydrochloric  acid. 

(2.)  By  heating  a  mixture  of  sulphuric  acid,  manganese  di- 
oxide and  common  salt.  In  this  process  (whicb  differs  from  the  former 
in  producing  the  hydrochloric  acid  in  the  same  vessel  in  which  the 
chlorine  is  generated)  the  action  is  more  gradual,  whilst  the  whole  of 
the  chlorine  in  the  sodic  chloride  is  liberated  : — 

2NaCl+  MnOs  +  3H2SO4  =2NaHS04  +  MnSO^  +2H2O  +  Clg. 

Sodic  +  Manganese  +  Sulphuric  =  Acid  sodic  +  Manganese  -|-  Water  +  Chlo- 
chloride ,     dioxide  acid  sulphate  sulphate  rine. 

(3.)  By  passing  air  and  hydrochloric  acid  gas  over  red-hot  bricks 
(whereby  heating  surface  is  gained),  or  through  red-hot  tubes  (Oxlaud, 
1847)  :— 

2HC1  -f  Air  (O  and  N4)  =  HgO  -f  CI2  +  N4. 

[It  will  be  remarked  that  in  this  process  the  chlorine  is  mixed  with 
twice  its  bulk  of  nitrogen.    For  trade  purposes  this  is  unimportant. 

Any  undecomposed  HCl  evolved  may  be  absorbed  by  passing  the 
gases  through  water.] 

This  process  has  been  improved  by  Deacon  ("  Journ.  Chem.  Soc," 
X.,  /2o),  who  passes  the  mixed  air  and  hydrochloric  acid  gas  over 
heated  fire-bricks  previously  soaked  in  a  solution  of  cupric  sul- 
phate or  cuprous  chloride,  and  afterwards  dried.  In  this  way  far  less 
undecomposed  HCl  escapes.  The  cuprous  chloride  first  becomes  cupric 
chloride  (a),  which,  by  increased  heat,  again  becomes  converted  into 
cuprous  chloride  (/3).    Thus — 

(a.)      CU2CI2     +      O     +        2HC1        =      2CuCl2     +  H2O. 
Cuprous  chloride  -|-  Oxygen  -f-  Hydrochloric  acid  =  Cupric  chloride  -|-  Water. 

(j8-)      2CuCl2      =        CU2CI2        +  Cl^. 
'  Cupric  chloride  =  Cuprous  chloride  +  Chlorine. 

This  action,  where  the  simple  presence  of  a  third  body  seemingly 
determines  chemical  changes,  is  an  illustration  of  what  is  termed  cata- 
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lysis  (see  p.  13),  nevertheless  the  continuous  action  is  more  compUcated 
than  might  be  supposed,  a  series  of  reactions,  resulting  in  the  forma- 
tion of  unstable  intermediate  compounds,  taking  place,  and  as  a  final 
act,  the  formation  of  the  original  substance. 

(4.)  By  the  action  of  heat  on  a  mixture  of  hydrochloric  acid  and 
potassic  bichromate.    (Rogers)  : — 

KsCroO;    +      UHCl    =  2KC1  +    Cv^Cl^    +  THgO  +  ZC\^. 
Potassic      +   Hydrochloric  =  Potassic  +     Chromic    +   Water    +  Chlorine, 
bichromate  acid  chloride  chloride 

(5.)  By  the  electrolysis  of  hydrochloric  acid,  or  of  an  aqueous  saturated 
solution  of  sodic  chloride  (see  page  20) : — 

2HC1  =  Hg  (negative  pole)  +  Clo  (positive  pole) 

(6.)  By  fusing  together  amnionic  nitrate  and  ammonic  chloride. 
(Maumene)  : — 

4NH4NO3      +        2NH4CI      =12H20  +     5N2      +  Clo. 
Amnionic  nitrate    -(-    Ammonic  chloride  =  Water    +    Nitrogen    -|-  Chlorine. 

(7.)  By  the  action  of  heat  on  certain  chlorides,  such  as  the  chlorides 
of  platinum,  palladium,  or  gold.    Thus — 

(a.)  PtCU  =  PtCla  +  CI2.        (i3.)  PtCle  =  Pt  +  Clg. 

(8.)  By  heating  a  mixture  of  magnesic  chloride  and  manganese 
dioxide.    (Binks  and  Macqueen)  : — 

2MgCl2    +    MnOg    =     2MgO     +     MnCla     +  CL. 
Magnesic    -|-  Manganese   =    Magnesic    +    Manganous    +  Chlorine, 
chloride  dioxide  oxide  chloride 

(9.)  By  the  ignition  of  anhydrous  magnesic  chloride  in  air : — 

2MgCl2       +       02       =       2MgO       +  2CI2. 
Magnesic  chloride  +     Oxygen      =    Magnesic  oxide    +  Chlorine. 

(10.)  By  the  action  of  an  acid  on  an  alkaline  hypochlorite. 

Properties. — («•)  Sensible.  —  Chlorine  is  a  yellowish-green  gas 
(X^wpoe),  having  an  insupportable  odor  and  a  strong  burning  taste. 

(/3.)  Physiological. — It  is  poisonous  and  intensely  irritating,  even 
when  largely  diluted  with  air.  A  bird  dies  in  a  5  per  cent,  atmosphere. 
The  gas  rapidly  disorganises  all  tissues. 

(y.)  Physical. — It  has  an  experimental  specific  gravity  of  2*47,  and 
a  theoretical  specific  gravity  of  2-45.  Its  vapour  density  at  ordinary 
pressures,  when  pure,  remains  constant  up  to  2712  F.  (1600°  C),  but  if 
mixed  with  air  so  as  to  lessen  the  chlorine  pressure,  a  diminution  of 
vapour  density,  with  increased  pressure,  occurs  as  the  temperature  rises, 
from  the  partial  dissociation  of  the  chlorine  molecule  (Clg)  into  chlorine 
atoms  (CI).  At  1600°  C.  this  diminution  amounts  to  about  16  per  cent. 

100  cubic  inches,  at  standard  temperature,  weigh  76*076  grains, 
and  1  litre  3-1734  grms.  It  is,  therefore,  one  of  the  heaviest  bodies, 
gaseous  at  ordinary  temperatures,  known. 
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A  temperature  of -130°  F.  (-90°  C.)  at  ordinary  pressures,  or  a  pressure 
of  6  atmospheres  at  32°  F.  (0°C.),  or  of  8-5  atmospheres  at  54-5°  F. 
(12'o°  C),  converts  chlorine  into  a  yellowish  green  liquid,  which  is  not 
misciblewith  water.  (Sp.  Gr.  1*33.)  Liquid  chlorine  boils  at -29°  F. 
(-33"6°  C),  but  it  has  never  been  solidified.  It  is  a  non-conductor  of 
electricity,  and  possesses  a  refractive  index  lower  than  that  of  water. 
It  may  be  prepared  either  by  heating  crystals  of  the  hydrate 
(Clo,  lOHjO)  or  of  platinic  chloride  (PtCl4)  in  one  end  of  a  bent  and 
sealed  tube,  the  other  end,  so  constructed  as  to  form  a  receptacle  for  the 
liquid  chlorine,  being  immersed  in  ice  and  salt. 

If  the  solar  spectrum  be  passed  through  chlorine,  it  will  be  found 
that  the  blue  end  is  cut  off  and  the  position  of  Frauenhofer's  lines  dis- 
turbed. Chlorine  does  not  conduct  electricity.  It  is  an  electro- 
negative body,  and  passes  to  the  +  pole  of  the  battery  after  oxygen 
and  fluorine. 

Charcoal  at  ordinary  temperatures  absorbs  about  200  volumes  of 
chlorine,  the  gas  being  disengaged  from  the  carbon  by  heat. 

Draper  has  stated  that  chlorine  after  exposure  to  sunlight  combines 
with  hydrogen  more  readily  than  before  such  exposure,  and  also  that 
it  increases  in  volume  to  an  extent  not  accounted  for  by  the  simple 
heating  effect  of  the  sun's  rays.  From  these  experiments,  he  has 
assumed  the  possibility  of  an  allotropic  modification.  Eoscoe's  experi- 
ments do  not  confirm  those  of  Draper. 

Solubility  in  water. — The  maximum  solubility  of  chlorine  in  water 
occurs  at  50°  F.  (10°  C.)  : — 

At  50°  F.  (10°  C.)  water  absorbs  2-585  times  its  bulk  of  the  gas. 
At  59°  F.  (15°  C.)       „       „      2-368  „ 
At  68°  F.  (20°  C).       „       „      2-156  „ 
At  86°  F.  (30°  C.)       ,r     „      1-749  „ 
Atl04°F.(40°C.)       „       „     1-365  „ 

Below  50°  F.  (10°  C.)  the  formation  of  the  hydrate  (Clg,  lOHgO) 
commences,  whilst  in  water  at  212°  F.  (100°  C.)  no  gas  dissolves. 
Chlorine  water  possesses  the  general  properties  of  free  chlorine,  the 
saturated  solution  evolving  chlorine  on  exposure  to  air.  Exposed  to 
daylight,  the  solution  decomposes  more  or  less  rapidly,  according  to  the 
intensity  of  the  light  (the  yellow  color  of  the  solution  gradually  dis- 
appearing), whilst  in  sunlight  the  decomposition  may  be  as  complete 
as  is  represented  by  the  equation  H20  +  C]2=2HCl  +  0. 

(3.)  Chemical. — Chlorine  is  not  a  combustible  gas  {i.e.,  does  not 
burn  in  air,  being  incapable  of  direct  combination  with  oxygen). 
When  largely  diluted  with  air,  it  supports  the  combustion  of  a 
vigorously-burning  taper,  the  chlorine  combining  with  the  hydrogen  of 
the  hydro-carbon,  and  setting  free  the  carbon.  It  bleaches,  without 
reddening,  blue  litmus. 

If  an  aqueous  solution  be  cooled  to  32°  F.  (0°  C),  or  if  the  gas  be 
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passed  into  water  at  32°F.,  a  yellow  ciystalline  hydrate  (Cle+lOHjO), 
is  formed,  containing  27'7  per  cent,  of  chlorine.  The  foggy  appear- 
ance of  the  gas  collected  on  a  cold  day  over  very  cold  water  is  due  to 
the  formation  of  this  compound.  The  gas  clears  rapidly  on  the 
application  of  a  moderate  warmth.  Exposed  to  air,  chlorine-hydrate 
speedily  decomposes  into  chlorine  and  an  aqueous  solution  of  the 
gas,  but  if  preserved  in  sealed  tubes,  it  may  be  sublimed  by  heat 
unchanged.  At  a  temperature  of  100-4°  F.  (38°  C.)  the  hydrate  de- 
composes into  liquid  chlorine  and  an  aqueous  solution  of  the  gas. 

Action  on  the  non-metals. — With  most  of  the  non-metals  chlorine 
<}ombines  directly.  Phosphorus  catches  fire  in  chlorine  spontaneously, 
forming  PCI3.  Sulphur  burns  in  it  feebly,  forming  SCL  or  SgClj. 
Selenium,  boron,  and  silicon  combine  with  it  when  heated.  Its  union 
with  carbon,  nitrogen,  and  oxygen  is  indirect  only.  It  does  not  com- 
bine with  fluorine. 

Combinations  with  hydrogen, —  Chlorine  has  a  very  strong  affinity  for 
hydrogen.  Its  oxidizing  property  depends  upon  this  powerful  affinity 
for  the  hydrogen  of  water,  oxygen  being  thereby  liberated.  A  mixture 
of  equal  volumes  of  hydrogen  and  chlorine,  combine  with  explosion 
by  the  electric  spark,  or  when  exposed  to  direct  sunlight  or  to  any 
other  light  (such  as  the  electric  arc  or  the  magnesium  flame)  contain- 
ing a  good  supply  of  actinic  rays.  The  gases  unite  quietly  when 
exposed  to  the  light  of  a  gas-flame  or  diffused  daylight,  hydro- 
chloric acid  being  formed.    In  the  dark,  combination  does  not  occur. 

Action  on  hydrogenmis  compounds.  —  The  following  reactions  of 
chlorine  on  hydrogen  compounds  should  be  noted: — 

(1.)  A  taper  burns  in  dilute  chlorine  with  a  smoky  flame,  the 
chlorine  combining  with  the  hydrogen  and  liberating  the  carbon.  If 
a  jet  of  chlorine  be  allowed  to  play  on  the  flame  of  a  spirit  lamp,  it 
becomes  luminous,  from  solid  carbon  particles  being  set  free.  (2.) 
Turpentine  vapor  (CioHig)  catches  fire  in  chlorine,  a  large  quantity  of 
carbon  being  disengaged  (C10H16  +  8CI2  =  I6HCI  +  C10).  (3.)  If  a 
mixture  of  chlorine  and  olefiant  gas  (C2H4)  be  fired,  carbon  is 
set  free  (C2H4  +  2Cl2=  4HC1  +  Cs).  (4.)  A  mixture  of  chlorine 
and  marsh  gas  (CH4)  under  the  influence  of  sunlight  forms  chloro- 
form (CHCls)  and  tetrachloride  of  carbon  (CCI4).  (5.)  Ammonia 
solution  is  decomposed  by  chlorine,  nitrogen  being  liberated  (SNHg-H 
SClg  =  6NH4Cl-f  Ng).  By  its  action  on  a  solution  of  amnionic  chlo- 
ride, chlorine  forms  the  highly  explosive  body,  chloride  of  nitrogen. 
(6.)  When  sulphuretted  hydrogen  gas  is  passed  into  chlorine  water, 
the  sulphur  is  set  free,  and  hydrochloric  acid  formed.  (7.)  Water 
is  decomposed  by  chlorine.  Thus,  oxygen  may  be  obtained  by  passing 
steam  and  chlorine  through  a  red-hot  tube  (see  page  72). 

Action  on  organic  bodies. — The  affinity  of  chlorine  for  hydrogen 
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renders  its  action  on  organic  bodies  very  powerful.  These  actions 
may  be  thus  classified — 

(1.)  The  chlorine  may  be  simply  added  to  the  hydrogen  compound.  Thus — 
C2H4  (ethene  or  olejiant  (7a5)  +  Clo=CoH4Cl2  (ethene  chloride). 

(2.)  A  portion  of  the  hydrogen  may  be  displaced,  btct  without  the  substitu- 
tion of  chlorine  for  it.    Thus — 

CgHfiO  {alcohol) +  C]^=CJ1^0  {aldehyd)  +  2nC\. 

(3.)  A  part  or  all  the  hydrogens  of  a  comj)ound  may  be  displaced,, 
chlorine  being  substituted  for  them.  The  action  of  chlorine  on  marsh  gas 
and  on  acetic  acid  may  be  given  as  illustrations  :  — 

(a.)  The  action  of  chlorine  on  marsh  gas  (CH4)  : — 

CH4  +  Cl2=CH3Cl  {methyl-chloride)  +HC1. 
CH4  +  Cl4=CH2Cl2  {formyl-bichloride)  +2HC1. 
CH4  +  Cl6=CHCl3  {chloroform)  +3HC1. 
CH4  +  Cl8=CCl4  {tetrachloride  of  carbon)  +4HC1. 

(/3.)  Tlie  action  of  chlorine  on  acetic  acid  (C2H4O2)  : — 

C2H402  +  Cl2=C2H3C102  {monochloracetic  «c2'rf)  +  HCl. 
C2H402  +  Cl4=C2H2Cl202  {dicUoracetic  add)  +2HC1. 
C2H402  +  Clg  =  C2HCL302  {trichloracetic  acid)  +3HC1. 

It  will  be  noted  that  this  affinity  of  chlorine  for  hydrogen  and  the 
universal  presence  of  moisture  renders  chlorine  indirectly  a  powerful  oxi- 
dizing agent  :— (2H2O  +  2Cl2=4HCl  +  O2.)  Thus  a  solution  of  chlorine 
instantly  changes  sulphurous  into  sulphuric  acid  (H2S03  +  Cl2  +  H20= 
H2SO4  +  2HCI). 

Some  results  of  this  oxidizing  action  may  be  noted: — 

(1.)  Various  chemical  combinations  may  be  effected,  as  e.g.  the  formation 
of  acetic  acid  from  aldehyd  : — 

C2H4O  {aldehyd) +  1120  +  01^=00^^02  {acetic  acid)  +  211CL 

(2.)  The  bleaching  power  of  chlorine  depends  on  the  action  of  the 
nascent  oxygen  developed  as  the  chlorine  combines  with  the  hydrogen 
of  the  water.  Absolutely  dry  chlorine  has  no  bleaching  action,  but  in 
the  presence  of  moisture  every  organic  coloring  matter,  except  car- 
bon, is  decolorized.  Mineral  colors  generally  are  not  acted  upon. 
Thus,  ordinary  writing  ink  (the  black  of  which  is  due  to  an  iron  salt 
of  an  organic  acid)  is  bleached  by  it,  whilst  printers'  ink  (the  black  of 
which  is  due  to  carbon)  remains  unaiBEected.  In  the  case  of  indigo,  which 
chlorine  bleaches  readily,  it  is  changed  first  into  isatin,  and  afterwards 
into  the  yellow-tinted  chlor-isatin.  The  following  equations  represent 
this  action — 

(a.)  CsHgNO  (m^/t^o) +  H20  +  Cl2=C8H5N02  {isatin)  -t-2HCl. 
(/3.)  0^ll5^02{isatin)  +  0\2=0^liiOm02{chlor-isatin)  +  HCl. 
Further,  a  coloring  matter  bleached  by  chlorine  is  destroyed,  i.e.,  it 
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cannot  be  restored  by  the  action  of  other  re-agents,  as  in  the  case  of  a 
coloring  body  bleached  by  sulphurous  acid. 

(3.)  Its  j)ower  of  disinfection,  depends  upon  the  activity  of  chlorine 
in  breaking  up  ammonia,  sulphuretted  hydrogen,  and  organic  matters 
generally,  and  upon  the  energy  of  the  nascent  oxygen  set  free  from  its 
combination  with  hydrogen  in  water. 

Action  on  the  metals,  metallic  oxides,  etc.  —  (a.)  Its  action  on  all 
the  metals,  except  iridium,  is  energetic.  Powdered  antimony  or  arseni- 
cum,  finely  divided  iron,  Dutch  leaf  (copper  and  zinc),  etc.,  fire 
spontaneously  when  dropped  into  chlorine.  Melted  sodium  and  potas- 
sium also  fire  spontaneously,  forming  NaCl  and  KCl.  With  respect  to 
sodium,  ignition  does  not  occur  if  the  chlorine  be  perfectly  dry,  but 
in  the  case  of  pota-ssiura  it  is  immaterial  whether  the  gas  be  dry  or 
moist.  (Wanklyn.)  Magnesium  burns  in  it,  forming  MgClo.  Gold 
(as  leaf  gold)  combines  slowly  with  chlorine,  forming  AuCl,. 

(/3.)  Metallic  oxides,  where  the  afiinity  between  the  oxygen  and  the 
metal  is  feeble,  are  easily  decomposed  by  chlorine.    Thus — 

H2O   -f   3HgO   -I-   2CI2  =  2HgO,HgCl2  +  2HC10. 
Mercuric  oxide  Mercuric  oxy-chloride. 

(y.)  Chlorine  is  absorbed  by  a  solution  of  caustic  potash,  potassic 
chloride  and  potassic  hypochlorite  being  formed : — 
CI2  +  2KH0=KC1  -1-  KCIO  -1-  H2O. 

Tests. — Its  odor,  color,  and  bleaching  properties  constitute  the 
chief  tests  for  free  chlorine.  When  combined  or  in  a  free  state,  it  may 
be  known  as  follows  : — 

(1.)  Mercurous  nitrate  gives  a  white  precipitate  of  mercurous  chloride 
or  calomel  (HgoClg),  insoluble  in  nitric  acid,  and  turned  black  by 
ammonia. 

(2.)  Argentic  nitrate  gives  a  white  curdy  precipitate  (AgCl),  soluble 
in  ammonia,-  and  insoluble  in  nitric  acid.  Free  chlorine  produces  with 
the  argentic  chloride,  a  trace  of  argentic  chlorate  : — 

GAgNOs  +  3CI2  +  3H2O  =  5AgCl  +  AgClOg  +  6HNO3. 

i^aZZaa'es.— Bromides,  iodides,  and  cyanides  : — (1.)  The  bromide  of 
silver  is  of  a  reddish  color.  (2.)  An  iodide  is  known  (a)  by  its 
action  on  starch  paste,  the  iodine  being  set  free  by  the  addition  of  a 
.trace  of  chlorine  water,  or  (/3)  by  its  reaction  on  palladic  nitrate.  (3.) 
A  cyanide  is  known  by  the  formation  of  prussian  blue,  when  acted 
on  by  a  mixed  per-  and  protosalt  of  iron. 

Estimation.  —  Chlorine  is  determined  quantitatively  as  argentic 
chloride,  every  100  parts  of  which  contain  24-74  parts  of  chlorine. 

Uses. — ("•)      nature,  none. 

{b.)  In  the  arts,  chlorine  is  largely  used  as  a  bleaching  agent  for 
paper,  linen  and  cotton  cloth.  Wool  and  silk  fabrics  cannot  be  bleached 
with  chlorine,  on  account  of  the  injurious  action  of  the  gas  upon 
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them.  For  these  sulphurous  acid  is  used  as  a  bleach.  Chloride  of  lime, 
as  it  is  called,  is  the  form  iu  which  the  chlorine  is  ordinarily  employed. 
Any  acid  will  liberate  the  chlorine  from  this  compound.  The  chlorine 
employed  in  its  manufacture  is  usually  generated  in  square  tanks, 
heated  by  a  steampipe,  the  tanks  being  constructed  of  flagstones 
clamped  with  vulcanized  caoutchouc  joints.  Chlorine  is  also  used  to 
whiten  discolored  prints  and  engravings,  on  account  of  its  not  affecting 
printers'  ink. 

After  chlorine  has  been  used  in  any  of  the  above  operations,  every 
trace  of  it  must  be  removed,  otherwise  the  resulting  HCl  would  render 
the  articles  brittle.  Mere  washing  for  this  purpose  is  insufficient. 
Hence  what  is  called  an  "  antichlor  "  is  employed,  such  as  calcium  sul- 
phite (which  by  the  action  of  chlorine  in  the  presence  of  water  becomes 
calcium  sulphate),  or  sodium  thiosulphate  (which  under  like  condi- 
tions becomes  sulphur  and  sodium  sulphate). 

(c.)  In  medicine,  the  dilute  gas  is  used  as  an  inhalation  (vapor 
chlori,  B.P.),  i.e.  moist  chlorinated  lime  from  which  the  carbonic  acid 
of  the  air  sets  free  a  little  chlorine  ;  and  in  solution  (liquor  chlori, 
B.P.),  which,  to  prevent  decomposition,  should  be  preserved  in  dark 
blue  bottles.  When  freshly  prepared,  it  contains  more  than  twice 
(2-3)  its  bulk  of  chlorine,  and  about  O'To  per  cent,  by  weight. 

{d.)  As  a  disinfectant  its  action  depends  on  its  power  of  breaking  up 
offensive  effluvia  and  miasms.  If  chloride  of  lime  be  used  for  the  sick 
room,  a  quarter  of  a  pound  should  be  dissolved  in  about  a  gallon  of 
water.  A  piece  of  flannel  dipped  in  the  clear  liquor  should  then  be 
freely  exposed  to  the  air  of  the  room,  from  which,  by  the  action  of 
atmospheric  carbonic  acid,  a  small  but  regular  evolution  of  chlorine,  or 
of  an  oxide  of  chlorine,  will  take  place.  For  active  disinfection,  some 
bleaching  powder  and  siilphuric  acid  or  vinegar,  or  better  still,  some 
hydrochloric  acid  and  dioxide  of  manganese  should  be  mixed  on 
a  plate,  and  the  plate  placed  on  a  hot  brick.  The  room  must  then 
be  closed,  and  left  for  some  hours,  everything  metallic  having  been 
previously  removed. 

(e.)  ]n  the  laboratory,  the  oxidizing  power  of  chlorine  is  often 
used,  protoxides  being  converted  by  its  action  into  peroxides,  sulphur 
into  sulphuric  acid,  etc. 

COMPOUNDS  OF  CHLORINE  AND  OXYGEN. 
Chlorine  and  oxygen  are  both  strongly  electro-negative  bodies  and 
possess  great  affinity  for  hydrogen.  Hence  their  affinity  for  each 
other  is  but  slight.  They  do  not  combine  directly,  but  in  the  presence 
of  a  third  body  only,  such  as  a  basic  oxide  {e.g.,  caustic  potash,  mer- 
curic oxide,  etc.).  Further,  the  compounds  formed  by  their  combinations 
are  unstable.  Hence,  they  are  powerful  oxidizing  agents,  and  in 
-certain  instances  explosive  bodies. 
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There  are  four  oxygen  acids  which  have  been  regarded  for  obvious 
reasons  as  a  series  of  oxides  of  hydrochloric  acid. 

Oxides  and  Acids  of  Chlorine. 
Hypochloroiis  Anhydride        ...        ...        ...  CI2O. 

Chloric  Peroxide  ...        ...        •••        ...  ClOg. 

Hypochlorous  Acid    HCIO. 

Chlorous  Acid  ...        ...        ...        •••        •••  HClOg. 

Chloric  Acid      ...        ...        ...        •••        •••  HCIO3. 

Perchloric  Acid ...        ...        ...        ...        ...  HCIO4. 

Until  lately,  the  body  CI2O3  (chlorous  anhydride),  was  believed  to 
be  set  free  by  deoxidizing  chloric  acid  with  nitrous  anhydride  (Millon, 
1842).  Recent  researches,  however,  have  shown  that  this  supposed 
compound  is  a  mixture  of  CIO2  and  free  chlorine. 

Hypochlorous  Anhydride  (CI2O  =  87)  (accurately  86-7). 

Molecular  weight,   87.      Molecular   volume,  |_j  ^|.      Specific  gravity 

{Air  =  1)  theoretic,  3-01.  Liqxad  boils  at  68°  F.  (20°  C).  1  litre 
weighs  43-5  criths  (0*0896  x  43-5)  =  3-8976  grins.,  and  100  cubic 
inches  93*22  grains. 

Synonyms. — Chlorine  monoxide;  hypochlorous  oxide. 

History.— The  fact  that  when  chlorine  was  combined  with  an 
alkali  (caustic  potash)  it  would  still  bleach  (constituting  the  Eau  de 
Javelle)  was  noted  by  Berthollet  (1785).  The  use  of  lime  as  the 
absorbent  was  suggested  by  Tennant  (1798).  The  constitution  of  the 
bleaching  compounds  was  investigated  by  Balard  (1834). 

Preparation.  — (1.)  By  passing  dry  chlorine  over  dry  precipitated 
mercuric  oxide  contained  in  a  cold  tube.  (Pelouze.) 

HgO       +    2CI2  =       HgCl2         +  CI2O. 
Mercuric  oxide  +  Chlorine  =  Mercurous  chloride  +  Hypochlorous  anhydride. 

(2.)  By  abstracting  water  from  hypochlorous  acid,  by  means  of  glacial 
phosphoric  acid  : — 

2HC10      —  HoO  =  CI2O. 
Hypochlorous  acid  —  Water  =  Hypochlorous  anhydride. 

(3.)  By  the  action  of  phosphorous  oxychloride  on  potassic  chlorite  :— 

2KCIO2  +      POCI3     =   KPO3   +    KCl     +  2CI2O. 
Potassic    +    Phosphorous   =   Potassic    +    Potassic    +  Hypochlorous 
chlorite  oxychloride        phosphate         chloride  anhydride. 

(4-)  Hypochlorous  anhydride  is  believed  by  some  to  be  produced 
when  hydrochloric  acid  is  added  to  potassic  chlorate  in  the  process  of 
making  the  euchlorine  of  Davy,  but  of  this  there  is  much  doubt. 

Properties.— («•)  Sensible  and  Physiological.— A  gas  of  deeper 
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color  than  chlorine.  It  has  a  penetrating  odor,  a  sweet  taste,  and  is 
intensely  suffocating  when  breathed. 

(/5.)  Fh/sical— Its  specific  gravity  is  3-01.  Two  volumes  of  chlorine 
and  one  volume  of  oxygen  form  two  volumes  of  CI2O  (water  type) 
100  cubic  inches  weigh  93  grains,  and  1  litre  3-897  grammes.  By 
pressure,  and  by  the  cold  of  ice  and  salt,  it  may  be  condensed  into  a 
red  liquid,  which  boils  at  -4°F.  (-20°  C .).  Friction  or  other  mechanical 
means,  light,  and  a  very  slight  heat,  such  as  the  warmth  of  the  hand 
decompose  it  with  explosion.  Water  at  ordinary  temperatures  dis- 
solves about  200  times  its  bulk  of  the  gas,  forming  a  yellow  solution, 
which  has  an  acrid  taste  (hypochlorous  acid). 

(7.)  Chemical.-It  bleaches  litmus  and  indigo  more  powerfully  than 
chlonne  It  is  decomposed  by  a  spark.  Any  substance  having  an 
affinity  for  chlorine  or  for  oxygen,  such  as  sulphur,  phosphorus,  or  the 
alkaline  metals,  decompose  it  with  explosion.  Hydrochloric  acid  effects 
Its  decomposition  (2HC1  +  Cl^O  =  H.O  +  2CI2). 

Hypochlorous  Acid  (HClO  =  52-5). 

Synonym.— i??/fZ?Vc  hypochlorite. 
^^.^jeParation  — (1.)  By  the  action  of  Avater  on  hypochlorous  anhy- 

CI2O  +  H2O  =  2HC10. 

Hypochlorous  anhydride  +  Water  =  Hypochlorous  acid. 

(2  .)  By  passing  air,  charged  with  hydrochloric  acid  gas,  through  a 
solution  of  potassic  permanganate  acidulated  with  sulphuric  acid,  and 
heated  on  a  water  bath .  The  product  is  to  be  collected  by  distillation. 
In  this  reaction  HClO  is  formed  from  HCl,  by  direct  oxidation  (2HC1 

(3.)  By  mixing  together  mercuric  oxide,  water,  and  chlorine.  The 
1  liquid  must  be  decanted  from  the  insoluble  oxychloride. 

3HgO     +H2O+    2CI2  =    2HgO,  HgCl^    +  2HC10 
mercunc  oxide  +  Water  +  Chlorine  =  Mercuric  oxyctloride  7  HypochlorouVacid. 
(4.)  By  distilling  a  hypochlorite  with  an  oxy-acid:  — 

CaCl^O^      +     H,S04    =     CaSO,     +  2HC10 
Calcic  hypochlorite  +  Sulphuric  acid  =  Calcic  sulphate  +  Hypochlorous  acid. 

«w;^f ^-  '^^T'"^  °*  bleaching  powder  (or  baryta  water) 

^  f ^  of  alkaline 

^rbonate,  sulphate  or  phosphate,  etc.,  or  through  water  containing 
'bneiy  divided  calcium  carbonate  in  suspension.  (Williamson.) 
<«.)    CaCO,  +    H,0  +    2C1,   =  CaCL  +     CO,   +  2HC10. 

carbonate  =  ^"^'^'^  +  ^^'^^""'^  +  Hypochlorous 

chloride         acid  acid. 
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(/3.)    m^Oi  +  HgO  +     CI2   =  NaCl-1-  NaHSO^  +  HCIO. 

Sodic       +  Water  +  Chlorine  =  Sodic  +  Acid  sodic  +  Hypochlorous 
sulphate  chloride       sulphate  acid. 

Properties.— (a-)  Sensible.  — A  yellowish-red,  chlorine-smelling 
liquid,  having  an  acrid  but  not  a  sour  taste. 

(13.)  Physiological. — It  acts  as  an  intense  irritant  poison  and  browns 
the  skin. 

(y.)  Physical.— It  boils  at  19°  F.  (—7°  C),  giving  ofE  a  heavy 
yellow  vapor.  It  is  decomposed  into  chlorine  and  chloric  acid  by 
the  action  of  light.  The  dilute  aqueous  solution  can  be  distilled  with- 
out decomposing. 

{I.)  Chemical. — The  gas  given  ofi  when  the  acid  is  heated  is  very 
unstable  and  highly  explosive.  The  acid  has  powerful  oxidizing  pro- 
perties. Its  intensity  as  a  bleaching  agent  is  double  that  of  the 
chlorine  it  contains,  inasmuch  as  it  evolves  double  the  quantity  of 
oxygen  (which  in  the  nascent  state  is  the  true  bleaching  agent)  set 
free  by  ordinary  chlorine.    Thus — 

(a.)  2CI2  +  2H2O  =  4HC1  +  O2  (action  of  common  chlorine). 
(/3.)  2HC10  =  2HC1  +  O2  (action  of  hypochlorous  acid). 

It  is  decomposed  by  carbon,  iodine,  sulphur,  selenium,  phosphorus, 
arsenic,  and  antimony ;  carbonic,  iodic,  sulphuric,  selenic,  phosphoric, 
arsenic,  and  antimonic  acids  being  respectively  formed. 

If  a  piece  of  ammonic  chloride  be  placed  in  the  acid,  the  oily  and 
highly  explosive  chloride  of  nitrogen  is  formed. 

It  is  a  weak  acid.  Its  salts,  when  moist,  may  be  decomposed  even 
by  the  carbonic  acid  of  the  air. 

If  the  acid  or  any  of  its  salts  be  heated  with  hydrochloric  acid,  both 
acids  are  decomposed  : — 

HCl  +  HCIO  =  HgO  +  CL. 

Action  on  the  metals. — This  varies  in  a  remarkable  manner.  Iron 
combines  with  the  oxygen  of  the  acid,  and  sets  free  chlorine.  Silver 
combines  with  the  chlorine  of  the  acid,  and  sets  free  oxygen.  Copper 
and  mercury  combine  both  with  the  chlorine  and  the  oxygen. 

To  distinguish  an  hypochlorous  acid  solution  from  one  of  chlorine, 
.shake  up  with  mercury.  With  the  hypochlorous  acid  solution  a  white 
precipitate  is  produced,  soluble  in  hydrochloric  acid  (HgO,  HgCl), 
whilst  with  the  chlorine  solution  a  white  precipitate  is  formed 
(Hg2  CI2)  insoluble  in  hydrochloric  acid. 

Action  on  metallic  compounds.— l^lurahic  oxide  combines  with  the 
oxygen  of  the  acid,  forming  PbOg,  and  sets  free  chlorine.  Argentic 
oxide  combines  with  the  chlorine  and  sets  free  oxygen  (AggO  + 
2HC10  =-2AgCl  +  H2O  +  O2).  Argentic  chloride,  by  its  presence 
alone,  and  without  being  itself  decomposed,  sets  free  both  the  oxygen 
and  the  chlorine,  in  a  gaseous  form,  from  the  acid. 


CHLORIC  PEROXIDE. 


99 


On  several  organic  bodies  the  acid  acts  vigorously.    Thus  urea  is 
broken  up  by  its  action  : —  ' 

*€N,H,0+    3HC10    =    CO,    +    3HC1     +  2H,0  +  N„. 
Urea    +  Hvpochlorou.  =  Carbonic  +  Hydrochloric  +  Water  +  Nitrogen 
acid  anhydride  acid  ' 

The  acid  is  monobasic,  and  forms,  with  metallic  oxides  and  hydrates 
'    f  hypochlorites,  which  are  of  great  importance  in  the 

.  arts  (KHO  +  HCIO  =  KCIO  +  H,0).  "  Chloride  of  lime,"  prepared 
.  by  bnngmg  chlorine  into  contact  with  recently-slaked  lime,  may  be 
^  considered  as  a  calcic  chloride  (CaCl,)  mixed  with  calcic  hypochlorite 

{CaCky.     From  the  mixture,  however,  pure  calcic  hypochlorite 

cannot  be  separated. 

Chlorous  Acid  (HClOg  =  68-5). 

Preparation.— By  the  decomposition  of  lead  chlorite. 

Properties.-The  acid  is  unstable.  It  neutralises  caustic  alkalies, 
but  does  not  decompose  alkaline  carbonates.  It  is  decomposed  even 
y  carbomc  anhydride  It  is  a  powerful  oxidizing  aud  bleaching  ageni 
and  acts  on  all  metals,  forming  chlorates  and  chlorides.  It  is  pre' 
'.ipitated  as  plumbic  or  argentic  chlorite  with  plumbic  or  argentic 
.^te.  It  forms  salts  called  CMontes.  (See  Chlorixbs.)  ^  The 
hlorites   naay   be   known   from   hypochlorites   by  their  bleaching 

Chloric  Peroxide,  ClOo  (ClgO^).* 

^folecular  weight  67-5    Specific  gravity,  tUoretic,  2-335 ;  oUerved,  2-^221 
d  0248  ffr?n.,  and  100  cubic  inches,  72-226  grains. 

.Synonyms.-P.ram/.  ./  Chlorine;  Chloric  dioxide;  Hypochloric 
<^<l;  PevcUonc  oxide;  Chlorine  peroxide.  jpoctiionc 

History.— Discovered  by  Davy  in  1815. 

.Ssrohfn^?"~V^?^  ^  sulphuric  acid  and 

tassic  chlorate.    [The  gas  must  be  collected  by  displacement.] 

VCIO3  +  2H,S0,  =  KCIO,  +    2KHS0,   +  H,0  +  2C10 

\^^cT'}ll^^T^     ^""'^  ^""^ 

ilorate     ^        add       ^  +  +  C^arbonic  +.  Chloric' 

^^^^^^^  acid  peroxide. 

'inary\erpl\Sf  th'  ^^^^^^^  ™'  temperatures,  but  seeing  that  at 

''•<!  aa  CIO  (67-6).       ^^^^^  density  is  33-7  {H  =  l),  the  molecule  is  more  correctly 

H  2 
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Properties. — («•)  Sensible  and  Physiological. — A  deep  yellow-green 
gas,  having  a  strong  chlorine  odor  and  a  sweet  taste.  It  is  exces- 
sively irritating. 

(13.)  Physical— It  has  a  specific  gravity  of  2*32  ;  100  cubic  inches 
weigh  72-226  grains.  By  slight  pressure,  or  by  a  cold  of  — 4°  F. 
( — 20°  C),  the  gas  condenses  into  a  red  explosive  liquid,  which  boils 
at  48-2°  F.  (9°  C),  and  freezes  at  —108-4°  F.  (—79°  C.)  At  a  heat  of 
140°  F.  (60°  C.)  or  with  an  electric  spark,  it  explodes,  the  resulting 
gases  occupying  a  volume  one- third  greater  than  the  original  gas» 
It  may  be  preserved  in  the  dark,  but  is  decomposed  by  light» 
Water  at  40°  F.  (4°  C.)  dissolves  20  times  its  bulk.  At  lower  tem- 
peratures a  crystalline  hydrate  is  formed. 

(y.)  Chemical. — It  is  a  powerful  oxidizing  and  bleaching  agent.  Its 
action  on  many  bodies,  such  as  mercury,  phosphorus,  sugar,  ether,  and 
turpentine,  is  energetic,  most  of  them  firing  spontaneously.  It  neither 
forms  an  acid  nor  salts.  It  is  absorbed,  however,  by  alkaline  solutions, 
a  chlorite  and  a  chlorate  being  formed.    Thus — 

CI2O4     +     2KH0     =    KCIOo     +     KCIO3      +  HoO. 
Chloric       +      Potassic      =     Potassic       +      Potassic      +  Water.- 
peroxide  hydrate  chlorite  chlorate 


Chloric  Acid  (HCIO3  =  84-5). 

Synonyms. — Oxymuriatic  acid;  hydric  chlorate. 

History.— "Discovered  by  Chenevix  (1802).  Its  properties  were 
studied  by  Gay  Lussac  (1814). 

Preparation.— (!•)  -A.  large  excess  of  chlorine  is  first  passed  into  a 
strong  solution  of  potassic  hydrate,  thus  producing  a  potassic  chlorate. 
This  is  decomposed  (the  potassic  chloride  being  previously  separated 
by  crystallization)  with  hydrofluosilicic  acid: — 

(a.)  6KH0     +  3CI2     =        5KC1       +       KCIO3      +  3H2O. 
Potassic  hydrate  +  Chlorine  =  Potassic  chloride  +  Potassic  chlorate  +  "Water. 

(/3.)  2KCIO3  +       HaSiFe        =  2HCIO3  +  KoSiFg. 

Potassic     +     Hydrofluosilicic     =     Chloric     +     Potassic  fluosili- 
chlorate  acid  acid  cate. 

(It  is,  perhaps,  best  to  form  a  baric  chlorate,  and  to  decompose  this 
with  its  equivalent  of  sulphuric  acid  (BaCl206+ H2S04=2HC103  + 
BaS04).  After  filtering  off  the  baric  sulphate,  the  acid  filtrate  must 
be  carefully  concentrated  by  evaporation  in  vacuo  over  sulphuric  acid, 
until  it  has  a  specific  gravity  of  1-28,  when  the  liquid  contains  about  40 
per  cent,  of  chloric  acid.  The  residue  has  the  formula  HCIO3  +  7H0O. 
Beyond  this  point  of  concentration  the  acid  undergoes  decomposition, 
forming  perchloric  acid  with  evolution  of  oxygen  and  chlorine.) 

Properties.  —  («•)  Sensible  and  Physiological.  —  A  syrupy  hquid, 
having  a  strong  chloroid  smell,  a  very  acid  taste  and  reaction,  and 
a  powerful  corrosive  action  on  the  body. 

(/3.)  Physical. — Light  after  some  time  decomposes  it.    It  is  freely 
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fioluble  in  water.  A  heat  of  100°  F.  (38°  C.)  breaks  it  up  into  oxygen, 
•chlorine,  perchloric  acid,  and  water.    Thns — 

3HCIO3     =       HCIO4       +    H2O   +     2O2     +  Cig. 
Chloric  acid    =    Perchloric  acid    +    Water    +     Oxygen    +  Chlorine. 

(7.)  Chemical. — Chloric  acid  is  a  powerful  acid,  and  chars  or  even 
fires  paper  and  other  organic  bodies.  It  rapidly  oxidizes  organic 
'  matter,  but  it  does  not  bleach  readily.  It  is  monobasic,  like  nitric 
!  acid.  The  anhydride  has  not  been  isolated.  It  forms  salts  called 
t  chlorates,  which  are  largely  used  both  in  medicine  and  in  the  arts. 
'  The  acid  itself  has  no  uses. 

Perchloric  Acid  (HCIO,). 

Molemlar  weight,  lOQ-5.    Specific  gravity,  1-782. 

Synonyms. — Hydric  perchlorate. 

History. — Discovered  by  Count  Stadion  (1814). 

Preparation.— (1.)  By  distilling  potassic  perchlorate,  with  three 
I  times  its  weight  of  sulphuric  acid: — 

2KCIO4       +      H2SO4      =     2HCIO4     +  K2SO4. 
Potassic  perchlorate  +  Sulphuric  acid  =  Perchloric  acid  +  Potassic  sulphate. 

The  distillate  solidifies  when  it  is  combined  with  water,  forming 
]  HC104,H20.  If  this  crystalline  body  be  redistilled,  it  yields  at 
1  230°  F.  (110°  C),  a  pure  acid,  and  at  higher  temperatures,  a  solution 
\  boiling  at  397-4°  F.  (203°  C).  (Roscoe.) 

(2.)  By  the  action  of  heat  on  chloric  acid,  we  obtain  perchloric  acid, 
I  together  with  chlorine,  oxygen  and  water.    {See  Chloric  Acid.) 

Properties. — («.)  Sensible  and  Physiological. — A  colorless  liquid, 
1  having  a  sour  taste  even  when  very  dilute.  It  produces  frightful 
1  burns  when  applied  to  the  skin.  It  turns  yellow  by  keeping,  from  the 
1  liberation  of  the  oxides  of  chlorine. 

(/3.)  Physical. — A  volatile,  slightly  yellow,  mobile  liquid.  It  has  a 
=  specific  gravity  of  1-782  at  60°  F.  (15-5°  C).  It  remains  liquid  at 
—31°  F.  (—35°  C),  and  boils  at  230°  F.  (110°  C).  It  is  very 
'  hygroscopic. 

(y.)  Chemical. — The  anhydride  is  unknown.  When  very  dilute  it 
r  reddens  litmus,  but  it  does  not  bleach  vegetable  colors.  In  this 
I  dilute  form,  it  is  the  most  stable  of  the  chlorine  oxides.  It  dissolves 
i  iron  and  zinc,  setting  free  hydrogen.  The  pure  acid  is  one  of  the 
I  most  powerful  oxidizing  bodies  known,  an  explosion  resulting  when  a 
J  smgle  drop  is  brought  into  contact  with  any  organic  substance. 
;  Dropped  on  the  skin,  it  causes  burns  of  great  severity.  In  sealed 
t  tubes,  it  undergoes  spontaneous  decomposition  and  bursts  the  tubes, 
lit  decomposes  when  distilled.  It  forms  with  water  a  white,  silky, 
f  crystalline,  deliquescent  hydrate  (HCIO4,  HjO)  (crystals  of  Serullas). 
This  hydrate  fumes  in  the  air  and  fuses  at  122°  F.  (50°  C).    It  is 
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decomposed  by  a  heat  of  230°  F.  (110°  C.)  into  the  pure  acid  (HCi04) 
which  distils  over,  another  hydrate,  a  thick  oily  liquid,  having  the 
composition  (HCIO4,  2H^0),  remaining  in  the  retort.  This  aquate 
is  not  volatile  at  a  lower  temperature  than  397°  F.  (203°  C). 

The  acid  is  monobasic,  and  forms  salts  (which  are  soluble),  called 
perchlorates  (M'C104). 

Euchlorine. — There  are  several  compound  oxides  of  chlorine,  the 
most  important  of  which  is  euchlorine.  This  was  discovered  by  Davy, 
and  is  prepared  by  heating  together  hydrochloric  acid  and  a  chlorate. 
It  was  supposed  by  Davy  to  be  a  distinct  oxide,  but  it  is  probably 
a  mixture  of  chlorine  and  chloric  peroxide.  It  is  a  yellow  explosive 
gas. 

BROMINE  (Br.). 
Atomic  weight,  80,  (more  accurately,  79"75).  Molecular  weight,  160. 
Molecular  volume  \  \  (.  Atomicity  monad  (HBr — KBr).  Specific 
gravity  of  va2)or  {Air=l),  theoretic  and  observed,  5*54.  Specific 
gravity  of  liquid  {Water  =1)  at  32°  F.,  3-187.  Fuses  at— 12°  ¥. 
(__24-o°  C).    Boils  at  145-4°  F.  (63-0^  C). 

Synonyms.  —  Muride  (muna,  brine),  Balard  (1826);  Bromine 
(PpHfioc,  fetid),  Gay  Lussac. 

History. — Bromine  was  discovered  by  Balard,  of  Montpellier,  in 
August,  1826,  in  "  bittern,"  the  mother  liquor  of  sea  water,  and  was  at 
the  time  supposed  to  be  a  compound  of  chlorine  and  iodine.  After- 
wards Balard,  Loewig,  and  Serullas  together,  proved  its  elementary 
nature. 

Natural  History. — It  never  occurs  in  nature  in  a  free  state,  (a.) 
In  the  mineral  kingdom  it  is  invariably  found  in  company  with  chlorine 
compounds.  Sea  water  contains  0*9  to  1-25  grains  of  MgBrj  per 
gallon.  The  Dead  Sea  water  is  specially  rich  in  bromine  compounds. 
So  also  are  the  mineral  springs  of  Kreutznach,  Kissengen,  Kurshall, 
etc.  Bromine  is  also  found  in  the  potash  beds  at  Stassfiirth,  and 
mineralized  with  silver,  zinc,  and  cadmium.  It  is  found  in  most 
samples  of  rock-salt,  and  also  in  coal.  (Bussy.)  (/3.)  In  the  vegetable 
kingdom  it  is  found  more  or  less  in  all  sea  plants ;  and  (y.)  in  the 
animal  kingdom  it  is  found  in  sponges,  liver  of  cods,  etc. 

Preparation. — As  a  laboratory  process,  bromine  may  be  prepared 
(like  chlorine)  by  heating  a  mixture  of  manganese  dioxide  and  sul- 
phuric acid  with  a  bromide  (2NaBr  -H  MnOg  +  3H2SO4  =  Brg  + 
2HNaS04+MnS04  +  2H20).  Commercially,  bromine  is  usually  ob- 
tained from  the  mother  liquor  of  the  springs  of  Kreutznach,  Schon- 
beck,  etc. 

(1.)  The  old  process  used  in  its  preparation  was  as  follows : — 

(a.)  Chlorine  (avoiding  great  excess,  otherwise  a  chloride  of  bro- 
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mine  might  be  formed)  is  first  added  to  the  liquor  to  set  free  the 
bromine : — 

2KBr  +  CI2  =  2KC1  +  Bi^. 

(b.)  The  solution  is  then  shaken  up  with  ether.  After  standing,  the 
ethereal  layer  containing  the  bromine  is  decanted. 

(c.)  Caustic  potash  is  now  added  to  the  bromine  solution,  and  heat 
applied,  whereby  the  bromine  is  converted  into  potassic  bromide  and 
potassic  bromate — 

6KH0      +    SBrg  =       5KBr       +       KBrOg     +  SHoO. 
Potassic  hydrate  +  Bromine  =  Potassic  bromide  +  Potassic  bromate  +  "Water. 

(d.)  The  residue  is  now  ignited,  in  order  to  convert  the  potassic 
bromate  into  potassic  bromide  : — 

2KBr03  =  2KBr  +  SOg. 

(e.)  The  potassic  bromide  is  dissolved  in  water,  and  heated  in  a 
retort  with  manganese  dioxide  and  sulphuric  acid,  when  bromine  distils 
over — 

2KBr  +  3H2SO4+    MnOo  =2HKS04+  MnS04  +2H2O+  Br2. 
Potassic  +  Sulphuric +Manganese  =  Potassic   +Mangaiious  +  Water +Bromiiie. 
bromide  acid  dioxide         sulphate  sulphate 

(/.)  The  bromine  is  then  re-distilled  with  calcic  chloride  in  order 
to  free  it  perfectly  from  water,  and  the  iodine  precipitated  as 
subiodide  of  copper.  To  separate  the  chloride  of  bromine,  the 
vapors  coming  from  the  still  are  imperfectly  cooled,  the  more  volatile 
bromous  chloride  thus  passiug  into  a  second  receiver.  To  free  it  from 
chlorine,  it  is  again  distilled  over  potassic  bromide,  which  is  converted 
by  any  chlorine  present  into  potassic  chloride.  Another  method  is  to 
form  barium  salts,  and  treat  with  alcohol,  which  dissolves  the  bromide 
without  dissolving  the  chloride. 

(2.)  The  process  of  Desfosses,  as  modified  by  Mohr  and  Loewig, 
consists  in  distilling  the  mother  liquor  at  once  with  an  equivalent  of 
manganese  dioxide  and  dilute  sulphuric  acid  in  stone  vessels  heated 
with  steam,  the  distillate  being  afterwards  rectified  with  calcic  chloride. 

Properties. — (a.)  Sensible  and  Physiological. — Bromine  is  a  heavy, 
opaque,  dark  red  liquid,  evolving  red  fumes  at  ordinary  temperatures. 
It  is  the  only  liquid  non-metallic  element,  mercury  being  the  only 
liquid  metallic  element.  Its  odour  is  foetid  and  irritating,  and  its 
taste  acrid  and  caustic.  It  stains  the  skin  a  permanently  yellow  color. 
It  is  an  active  poison. 

ifi.)  Physical— L\(\n\A  bromine  has  a  specific  gravity  of  3-187  at 
32°  F.  (0°C.).  The  vapor  is  evolved  at  ordinary  temperature,  and 
has  a  specific  gravity  of  5-54.  At  high  temperatures,  the  vapor 
density  diminishes,  the  molecules  undergoing  partial  dissociation  into 
atoms.  It  boils  at  145-4°  F.  (63°  C),  and  freezes  to  a  brown 
crystalline  metallic-looking  solid  at  —12°  F.  (—24-5°  C).  1  part  of 
bromine  is  soluble  in  31  parts  of  water  at  59°  F.  (15°  C),  the  solution 
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having  a  specific  gravity  of  1-024.  The  solution  is  permanent  in  the 
dark,  but  rapidly  decomposes  under  the  influence  of  sunlight,  oxygen 
being  set  free,  and  hydrobromic  acid  formed.  It  is  also  soluble  in 
alcohol,  ether,  and  bisulphide  of  carbon,  the  two  latter  being  capable 
of  separating  it  from  its  aqueous  solution. 

(y.)  Chemical. — The  chemical  properties  of  bromine  are  in  many 
respects  similar  to,  although  less  active  than,  those  of  chlorine.  As 
an  oxidizing  agent  it  bleaches  litmus  and  indigo  iu  the  presence 
of  water.  A  taper  introduced  into  the  concentrated  vapor  burns 
badly  with  a  smoky  flame.  Phosphorus  and  some  of  the  metals 
(as  potassium)  take  fire  when  brought  into  contact  with  it.  With 
sodium  it  does  not  combine  below  392°  F.  (200°  C).  Its  afilnity 
for  oxygen  and  carbon  is  as  slight  as  is  that  of  chlorine. 
Turpentine  vapor  decolorizes  bromine  vapor,  hydrobromic  acid  being 
formed.  Here  (like  chlorine)  its  affinity  for,  and  its  power  of  dis- 
placing hydrogen,  are  to  be  noted.  It  will  not,  however,  combine 
with  hydrogen  by  mere  exposure  to  the  sun's  rays.  It  rapidly 
attacks  organic  matters,  staining  them  a  yellow  colour.  It  combines 
with  all  elementary  bodies,  forming  bromides.  It  combines  with  water 
at  the  freezing  point,  forming  a  hydrate  (Br„,  lOHgO)  which  splits  up 
into  bromine  and  water  at  59°  F,  (15°  C). 

Tests. —  (a-)  «  fi'^e  state. — Bromine  is  set  free  from  its  compounds 
by  chlorine.  It  may  be  known  by  its  red  color,  and  by  forming  a 
yellow  compound  with  starch. 

()3.)  In  combination. — (1.)  Plumbic  acetate  gives  a  white  precipitate 
of  plumbic  bromide  (PbBrg).  (2.)  Argentic  nitrate  gives  a  yellowish- 
white  precipitate  of  argentic  bromide  (AgBr)  which  is  insoluble  in 
dilute  nitric  acid,  and  of  difficult  solubility  in  dilute  ammonia. 

Uses. — In  the  arts,  bromine  is  used  in  photography.  In  medicine, 
the  bromide  of  ammonium  (NH4Br)  (ammouii  bromidum,  B.P.),  the 
ferrous  bromide  (FeBr^),  the  potassic  bromide  (KBr),  as  well  as  a 
solution  of  bromine  (10  minims  in  5  ozs.  of  water)  are  officinal. 

Bromine  is  a  disinfectant,  its  power  being  dependent  on  its  affinity 
for  hydrogen,  and  its  consequent  oxidising  properties. 

COMPOUNDS  OF  BROMINE  AND  OXYGEN. 
There  are  two  bromine  acids,  viz.,  hypobromous  and  bromic,  and, 
possibly,  a  third,  the  perbromic.    The  anhydrides  are  unknown. 

(1.)  HBrO  Hypobromous  acid. 

(2.)  HBrOg  Bromic  acid. 

(3.)  HBrO^  Perbromic  acid  (?) 

Hypobromous  Acid  (HBrO). 

A  solution  of  this  acid  may  be  formed,  like  hypochlorous  acid 
(page  97),  either  by  agitating  mercuric  oxide  with  bromine  water 
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(Balard)  (2HgO  +  -^Bi^  +  H^O  =  2HBrO  +  Hgo  Bv^O),  or  by 
adding  bromine  to  an  argentic  nitrate  solution  (Dancer).  It  is  a 
yellow  liquid,  easily  decomposed  by  heat,  but  may  be  distilled  in  vacuo 
at  a  temperature  of  104°  F.  (40°  C).  It  oxidizes  and  bleaches  power- 
fully. It  forms  salts,  called  hypobromites  (see  Index).  Added  to 
milk  of  lime,  bromine  forms  an  analogous  compound  to  bleaching 
powder. 

Bromic  Acid  (HBrOg). 

The  anhydride  of  bromic  acid  is  unknown. 

Preparation. — it  may  be  prepared  in  a  similar  manner  to  chloric 
acid  ;  also  by  passing  chlorine  through  bromine  water  (Brg  +  SClg 
+  6H2O  =  2HBr03  +  lOHCl),  also  by  the  decomposition  of  silver 
bromate  with  bromine  (SAgBrOg  +  SBrg  +  SHgO  =  5AgBr  + 
GHBrOg),  and  also  by  decomposing  baric  bromate  with  sulphuric  acid 
(BaBrgOg  +  H2SO4  =  2HBr03  +  BaS04). 

Properties. — An  acid  liquid,  first  reddening  and  afterwards  bleaching 
blue  litmus.  At  212°  F.  (100°  C.)  it  splits  up  into  bromine  and  oxygen. 
Eeducing  agents  (as  HgS  and  SOg)  decompose  it.  Hydrobromic, 
hydrochloric,  and  hydriodic  acids  also  decompose  it,  water  and  bromine 
being  formed  in  the  first  case,  and  chloride  or  iodide  of  bromine  in 
the  two  last.    It  forms  salts,  called  bromates.    (See  Index.) 

Perbromic  Acid  (HBr04). 

This  is  said  to  be  formed  by  adding  bromine  to  a  solution  of  per- 
chloric acid  (Kammerer).  It  is  described  as  a  colorless,  oily  liquid, 
and  the  most  stable  of  the  oxides  of  bromine. 

COMPOUND  OF  BROMINE  AND  CHLORINE. 
Bromous  Chloride  (BrCl.,  ?) 

Is  prepared  by  passing  chlorine  through  liquid  bromine  (Balard).  It 
is  a  reddish,  volatile,  very  unstable,  pungent  liquid,  soluble  in  water, 
the  solution  possessing  considerable  bleaching  power.  On  cooling,  a 
crystalline  hydrate  separates  out. 

IODINE  (I). 

Atomc  weight,  127  (more  accurately,  126-53).  Molecular  weight,  254. 
Molecular  volume,  \  \  |.  Atomicity  monad  ('),  (HI)  ;  occasionally 
triad  (ICI3).  Sj^ecijic  gravity  of  solid  iodine,  4*947  ;  of  vajwur, 
theoretic  8-801  ;  observed,  8-716.  Melts  at  225°  F.  (107°  C),  and 
boils  at  347°  F.  (175°  C). 

History. — Iodine  was  discovered  by  Courtois  (1812),  a  French 
saltpetre  manufacturer,  on  adding  sulphuric  acid  to  tlie  waste  liquor 
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of  kelp.  Courtois  gave  some  of  it  to  Desormes  and  Clement,  who 
published  their  researches  respecting  it  (1813).  It  was  further 
examined  by  Vauquelin,  and  also  by  Davy  and  Gay  Lussac  (1813 
and  1814).    The  word  'itj^rjg  signifies  "violet-colored." 

Natural  History. — It  never  occurs  in  nature  in  a  free  state,  (a.) 
In  the  mineral  kingdom  iodine  is  found  in  sea  water  as  calcic  iodide,  but 
to  a  less  extent  than  the  bromine  compound  (1  in  250,000  :  Sonstadt). 
It  is  supposed  to  be  the  active  principle  of  many  mineral  springs,  where 
it  is  present  in  combination  with  potassium,  sodium,  and  magnesium. 
The  spring  at  Rey,  near  Freistadt,  contains  8-19  parts,  and  that  at 
Halles  4-26  parts  of  magnesic  iodide  in  100,000  of  water.  It  is  also 
found  in  the  Bath,  the  Cheltenham,  the  Leamington,  and  the  Bon- 
nington  springs.  It  is  found  mineralised  with  zinc  (Silesian  ore),  lead, 
mercury,  and  silver  (Mexican  ore).  It  is  found  in  rock  salt,  in  many 
limestones  and  dolomites,  in  Chili  nitre  (and  hence  occasionally  con- 
stitutes an  impurity  of  nitric  acid),  and  occasionally  in  coal.  (/3.)  In 
the  vegetable  kingdom  it  is  found  in  sea-weeds  as  an  alkaline  iodide, 
extracted  by  them  from  sea-water  in  quantities  varying  from  0-01  to 
0-5  per  cent.    The  Laminaria  digitata  is  one  of  the  richest. 

Iodine  in  100  parts 
of  dried  plant. 

Laminaria  digitata  ...       ...       ...       ...  0*47 

Laminaria  saccharina        ...       ...       ...  016 

Fucus  vesiculosus  ...       ...       ...       ...  0*01 

Fucus  nodosus        ...       ...       ...       ...  0'04 

Scotch  and  Irish  sea-weeds  contain  more  iodine  than  English  sea- 
weeds. It  is  said  to  be  present  in  the  fresh- water  plants  that  grow  in 
running  streams  (Chatin).  (y.)  In  the  animal  kingdom,  it  is  found  in 
marine  animals,  and  notably  in  sponges,  oysters,  etc.  It  is  an  in- 
variable constituent  of  cod  liver  oil  (0*04  to  0*32  per  cent.). 

Preparation. — (l.)  Process  of  Wollaston,  as  modified  by  Whytelaw 

(a.)  The  sea-weeds  found  on  the  Scotch  coast  (specially  the  lami- 
naria digitata)  are  collected  during  the  siunmer  months  and  at  low 
tide,  dried  by  exposure,  and  then  burnt  without  flame,  in  order  to 
prevent,  as  far  as  possible,  any  loss  of  sodic  iodide.  Sometimes  it  is 
carbonized  in  retorts.  The  ash  constitutes  what  is  called  "  kelp  "  in 
Scotland,  and  "  varec  "  in  Normandy.  A  ton  of  good  kelp  made  from 
the  laminaria  digitata  will  yield  from  10  lbs.  to  15  lbs.  of  iodine. 

(b.)  The  kelp  is  first  lixiviated  with  boiling  water,  whereby  about 
50  per  cent,  of  solid  matter  is  dissolved,  consisting  of  sodic  car- 
bonate, sulphate,  sulphite,  and  sulphide,  besides  sodic,  potassic  and 
magnesic  chlorides  and  iodides. 

(c.)  The  solution  is  filtered  and  afterwards  evaporated  to  a  smaller 
bulk,  in  order  to  separate  the  sodic  carbonate  (Scotch  soda).  It  is 
afterwards  still  further  evaporated  so  as  to  separate  the  sodic  sulphate 
and  chloride. 


PROPERTIES  OF  IODINE. 


107 


(d.)  The  residual  liquor  (sp,  gr.  1-33  =  iodine  ley)  is  now  mixed 
with  about  one-eighth  its  bulk  of  oil  of  vitriol,  and  allowed  to  stand 
for  24  hours,  whereby  carbonic  and  sulphurous  acids,  together  with 
sulphuretted  hydrogen,  are  evolved,  and  sodic  sulphate  with  much  free 
sulphur  separated, 

(e.)  The  hquid  is  then  filtered  and  put  into  a  leaden  still  (iodine 
still)  with  manganese  dioxide,  and  heated  to  a  temperature  not  ex- 
ceeding 212°  F.  (100°  C).  In  this  way  the  formation  of  chlorine  is 
prevented,  and  the  iodine  obtained  as  a  sublimate: — 

2NaH-     MnOa  +  2H2SO4  =Na„S04+   MnS04+  SH^O-f  Ig. 
Sodic    +  Manganese  +  Sulphuric  =    Sodic    -f-  Manganic  +  "Water  +  Iodine, 
iodide  dioxide  acid  sulphate  sulphate 

(/•)  The  iodine  is  now  purified  by  resublimation.  Commercial 
iodine  generally  contains  more  or  less  chloride,  cyanide,  and  bromide  of 
iodine. 

(2.)  A  second  process  occasionally  adopted  in  the  preparation  of 
iodine,  is  throwing  it  down  with  a  subsalt  of  copper,  as  a  biniodide 
of  copper.  In  practice,  cupric  and  ferrous  sulphate  are  mixed  with 
the  iodine  ley.  The  subiodide  of  copper  (Cuglj)  formed  is  then 
distilled  with  manganese  dioxide  and  sulphuric  acid,  whereby  the 
iodine  is  liberated — 

CuJa  +  2Mn02  +  4H2SO4  =  2CUSO4  +  2MnS04  +  4H2O  +  I2. 

(3.)  Emil  BechVs  Process  (Prize  Essay,  Florence,  1849).  When  the 
solutions  are  very  poor  in  iodide,  Bechi  sets  free  the  iodine  with  nitro- 
hydrochloric  acid,  and  then  filters  the  liquid  through  recently  ignited 
lampblack.  The  lampblack  is  then  treated  with  a  potash  solution, 
and  the  washings  evaporated  to  dryness,  the  iodine  from  the  solid 
residue  being  afterwards  liberated  by  distillation  with  manganese 
dioxide  and  sulphuric  acid. 

(4.)  The  iodine  is  sometimes  thrown  down  from  the  solution  by  first 
adding  a  little  chlorine  or  nitro-hydrochloric  acid,  and  afterwards  raw 
starch,  which  sinks  to  the  bottom,  carrying  the  iodine  with  it. 

(5.)  The  iodine,  after  being  liberated  with  chlorine,  or  with  sul- 
phuric acid  containing  some  nitric  acid,  is  sometimes  extracted  from  the 
aqueous  solution  by  shaking  it  up  with  benzol  or  petroleum.  The 
benzol  solution  is  then  treated  with  a  solution  of  potash,  when 
potassic  iodide  and  potassic  iodate  are  formed  (a),  from  which  the 
iodine  may  be  precipitated  with  hydrochloric  acid  (/3). 

(a.)  6KH0  +  3I2  =  SKI  -1-KI0.3  +  3H2O. 

(/3.)  SKI  +  KIO3  +  6HC1  =  6KC1  +3H2O  -h  3I2 

(6.)  In  Stanford's  process  for  the  preparation  of  iodine,  the  winter 
weeds  (said  to  contain  the  most  iodine)  are  dried  under  cover,  sub- 
mitted to  hydraulic  pressure,  and  heated  in  iron  retorts,  the  gas  set 
free,  being  collected  and  utilised. 

Properties. — (a).  Sensible.  — Iodine  is  a  black  solid,  having  consi- 
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derable  metallic  lustre,  and  crystallizing  in  acute  rhombic  octahedra. 
Its  odor  is  peculiar,  and  its  taste  acrid.  It  stains  the  skin  yellow. 
The  vapor  has  a  bright  violet  color, 

(/3.)  Physiological. — An  irritant  and  caustic  poison.  The  vapor 
is  irritating  to  the  lungs,  but  when  largely  diluted  with  air,  it  has 
been  found  in  certain  cases  to  act  beneficially  (vapor  iodi,  B.P.). 

(y.)  Physical. — Solid  iodine  has  a  specific  gravity  of  4-947  at  62*6° F. 
(17°  C),  and  the  vapor  8-716.    The  vapor  of  iodine  is  the  heaviest 
vapor  known,  100  cubic  inches  weighing  275-16  grains.    At  2552°  F. 
(1400°  C.)  the  vapor  has  about  two-thirds  the  vapor  density  that  it  * 
has  at  700°  C.  some  of  the  molecules  being  split  up  at  this  higher 
temperature    into    atoms.     Iodine   volatilizes    unchanged,   both  at 
ordinary  and  at  high  temperatures.   It  fuses  at  235-4°  F.  (113°  C).  It 
boils,  when  perfectly  dry,  at  347°  F.  (175°  C),  but  when  distilled  with 
water  it  volatilizes  at  212°  F.  (100°  C).    The  specific  heat  of  the  solid 
is  0-03412,  and  of  the  liquid  0'10882  (Regnault).  It  is  a  non-conductor 
of  heat  and  electricity.    Its  solution  in  carbon  disulphide  is  found  to 
be  opaque  to  light  rays,  but  transparent  to  heat  rays.    Iodine  is 
dichroic.    If  the  vapor  be  freely  diluted  with  air,  it  transmits  the 
red  and  blue  rays  of  light,  and  absorbs  the  green  ;  but  the  concen- 
trated vapor  absorbs  the  red  rays  also,  the  blue  only  being  trans- 
mitted.   Seven  thousand  parts  of  water  at  60°  F.  (15-5°  C),  dissolve 
one  part  of  iodine,  forming  a  pale  brown  liquid,  which,  in  the  presence 
of  oxidizable  matter,  rapidly  decomposes,  hydriodic  acid  being  formed. 
Hot  water  dissolves  a  larger  quantity.  The  presence  of  saline  matters, 
of  hydriodic  acid,  and  specially  of  potassic  iodide,  greatly  facili- 
tates solution.    Lugol's  solution  (liquor  iodi,  B.P.)  consists  of  20  grs. 
of  iodine,  and  30  of  potassic  iodide  in  1  oz.  of  water.    Iodine  is  far  more 
soluble  in  alcohol  and  ether  than  in  water.    If  water  be  added  to  its 
solution  in  ether  or  in  alcohol,  some  of  the  iodine  will  be  precipitated. 
A  spirituous  solution  with  potassic  iodide,  forms  the  tinctura  iodi 
(B.P.).    It  is  even  more  soluble  in  chloroform,  in  benzol,  in  carbon 
disulphide  (which   solution  is  diathermous),  and  in  carbon  tetra- 
chloride, its  solution  in  these  liquids  being  black,  and  depositing 
iodine  on  evaporation.    A  very  dilute  solution  of  iodine  in  chloro- 
form or  in  bisulphide  of   carbon  exhibits  a  strong  pink  or  purple 
color. 

(2.)  Chemical. — An  aqueous  solution  of  iodine  bleaches  litmus  and 
indigo  slightly.  A  taper  introduced  into  iodine-vapour  is  immediately 
extinguislied.  Iodine  combines  more  readily  with  oxygen  than  either 
chlorine  or  bromine.  It  forms  iodic  acid  when  boiled  with  nitric  acid, 
neither  chlorine  nor  bromine  being  oxidized  when  similarly  treated. 
Nevertheless,  direct  union  between  oxygen  and  iodine  cannot  be 
effected.  Iodine  expels  chlorine  from  the  chlorates  (2KC103-l-l2= 
2KIO3-I-CI2),  but  both  chlorine  and  bromine  displace  iodine  from  its 
combination  with  the  metals  (2KI-l-Cl2=2KCl-}-l2). 
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Iodine  forms  several  compounds  with  chlorine.  Phosphorus  fires 
spontaneously  when  brought  into  contact  with  iodine.  It  combines 
with  sulphur,  forming  a  black  crystalline  body  (Solg),  used  in  medicine. 
Its  action  on  hydrogen  is  not  intense,  presenting,  in  this  respect,  a 
marked  contrast  both  to  chlorine  and  bromine.  Although  the 
metals  generally  combine  directly  with  iodine,  its  action  upon  them  is 
weaker  than  that  of  either  chlorine  or  bromine.  Hence  it  may  be 
displaced  by  them.  Antimony  fires  when  thrown  into  iodine  gas,  and 
mercury  vapor  combines  with  heated  iodine.  It  combines  actively  with 
potassium,  whilst  it  may  be  heated  with  sodium  without  alteration.  If 
iodine  and  iron  suspended  in  water,  be  heated  together,  a  colourless 
iodide  of  iron  is  formed,  a  compound  used  in  medicine  (ferri  iodidum, 
FcIq)  as  a  pill  (pilula  ferri  iodidi)  and  syrup  (syrupus  ferri  iodidi). 
Iodine  forms  no  definite  hydrate  with  water. 

Potash  decolorizes  an  iodine  solution  (3l2  +  6KHO=6KI  +  KI03  + 
SHeO). 

As  regards  its  action  on  organic  bodies,  it  will  sometimes  be  found 
to  combine  with  the  organic  body,  and  sometimes  to  oxidize  it  by 
combining  with  hydrogen  and  setting  free  oxygen.  But  it  never  dis- 
places hydrogen  directly,  although  it  may  at  times  indirectly. 

Tests. — (ct-)  -^^  o,  free  state  only. — It  changes  starch  a  blue  color 
(iodide  of  starch).  [This  action  of  starch  on  free  iodine  was  discovered 
by  Colin  and  Gaultier  de  Claubry.  1  part  of  iodine  in  a  million  parts 
of  water  may  be  detected  by  this  means.]  Note  in  respect  of  this 
reaction  that — 

(1.)  Combined  iodine  is  unaffected  by  starch. 

(2.)  Iodine  when  present  in  combination  may  be  set  free  by  the 
addition  of  fuming  nitric  acid,  which  converts  the  iodide  into  a  nitrate, 
the  hydriodic  acid  produced  being  decomposed  by  the  nitric  peroxide  of 
the  fuming  acid  (4HI  +  N2O4  =  2NO  +  2H2O  +  2I2),  or  it  may  also  be 
set  free  by  the  addition  of  a  trace  of  chlorine  water,  when  the  blue 
iodide  of  starch  is  formed  (2KH-CI2  =  2KCI  +  I2). 

(3.)  If  too  much  chlorine  be  added  to  the  solution,  it  will  bleach  the 
blue  iodide  of  starch,  and  thus  the  reaction  be  obscured  (I2  +  6H2O  + 
5Cl2=2HIO3+10HCl). 

(4.)  The  color  may  be  partially  restored  by  adding  a  trace  of 
sulphurous  acid  to  the  solution  (2HI03  +  4H20  +  5S02=5H2S04  +  l2). 

(5.)  But  if  an  excess  of  sulphurous  acid  be  added,  the  color  will 
again  disappear  (l2  +  2H20  +  S02=2HI  +  H„S04). 

(6.)  The  color  of  the  blue  iodide  of  starch  disappears  on  heating 
the  solution  to  177°  F.  (80°  C),  but  on  cooling  the  color  is  partially 
restored.    If  the  liquid  be  boiled,  the  color  does  not  re-appear. 

(7.)  The  blue  color  is  also  destroyed  by  the  addition  of  alkalies. 

If,  after  the  iodine  has  been  set  free,  the  liquid  be  well  shaken 
with  chloroform,  it  will,  on  settling,  exhibit  the  characteristic 
pink  colour. 
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Iodine  turns  meconine  a  blue  color. 

(b.)  In  combination. — The  following  salts  give  precipitates  with  the 
iodides,  as  follows  :  Plwnbic  acetate,  a  yellow;  argentic  nitrate,  a  yellow- 
ish white  ;  mercuric  chloride,  a  red  ;  palladia  nitrate,  a  brown  (1  in 
50,000).  With  a  little  chlorine  water  and  starch,  a  blue  color  is 
produced. 

Uses. — In  the  arts. — Iodine  is  used  in  photography,  and  also  in  the 
laboratory  as  a  test  reagent  for  starch.  In  medicine  it  is  used  as  a 
resolvent.  Courdet  of  Geneva  first  suggested  the  use  of  the  ashes  of 
sponge  as  a  curative  agent.  It  is  employed  ofiicinally  in  various 
forms  and  combinations,  such  as  potassic  iodide,  liquor  iodi,  un- 
guentum  iodi,  and  tinctura  iodi,  the  iodide  of  sulphur  being  also  used 
as  an  unguent,  and  the  iodide  of  iron  as  a  pill  and  syrup.  As  a 
disinfectant  its  action  is  powerful. 

COMPOUNDS  OF  IODINE  AND  OXYGEN. 

Two  compounds  of  iodine  and  oxygen  at  most  (viz.,  IgOs,  iodic 
anhydride,  and  I2O7),  and  probably  only  one  (viz.,  I2O5)  have  been 
prepared. 

Iodic  Anhydride    I2O5. 

  l207(?). 

Iodic  Acid    HIO3. 

Periodic  Acid   HIO4. 

Iodic  Anhydride  (I2O5). 

I2O5  is  formed  by  the  action  of  heat  (170°  C.)  on  iodic  acid 
(2HI03=l205  +  H20).  This  serves  to  illustrate  the  greater  afiinity  of 
oxygen  for  iodine,  than  for  chlorine  or  for  bromine.  Iodic  anhydride 
has  a  specific  gravity  of  4-48.  It  is  very  soluble  in  water.  At  a 
temperature  of  698°  F.  (370°  C.)  it  is  decomposed  into  oxygen  and 
iodine.  With  dry  HCl,  dry  IgOs  yields  iodine  trichloride,  chlorine  and 
water  (I2O5  +  10HCl=2ICl3 + 2CI2  +  SHgO). 

Iodic  Acid  (HIO3  =  176). 

Preparation. — (l-)  By  the  action  of  chlorine  on  iodine  suspended 
in  water  (Liebig) — 

I2     +     5CI2     +  6H2O  =         lOHCl        +  2HIO3. 
Iodine    +    Chlorine    +    Water   =    Hydrochloric  acid    +    Iodic  acid. 

(2.)  By  boiling  together  strong  nitric  acid  (10  parts)  and  iodine  (1 
part).  The  solution  is  afterwards  evaporated  to  dryness  and  heated  to 
392  F°  (200°  C),  a  white  powder  of  I2O5  being  thus  obtained  (Slg-l- 
10HNO3=6HIO3+  lONO  +  2H2O). 

(3.)  By  the  action  of  dilute  sulphuric  acid  on  baric  iodate.  The 
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crystals  separate  on  the  evaporatiou  of  the  clear  liquid  (Ba  (103)2  + 
HoS04=2HI03  +  BaS04) 

Properties. — («•)  Physical. — Iodic  acid  is  a  Avhite  solid,  having  a 
sour  taste,  crystallizing  in  hexagonal  tables  (IjOsjHeOiAq)  which  are 
very  soluble  in  water,  but  insoluble  in  alcohol.  Specific  gravity  4'629  at 
0°C.  Heated  to  266°  F.  (130°  C),  or  treated  with  absolute  alcohol, 
the  crystals  lose  water  and  become  HIO3,  which  when  heated  to  338°F. 
(170°  C.)  leaves  I2O5. 

(j8.)  Chemical. — The  acid  first  reddens  and  afterwards  bleaches 
litmus.  It  is  very  much  more  stable  than  chloric  acid.  It  slowly 
oxidizes  most  bodies.  Deflagration  occurs  when  organic  matter,  phos- 
phorus or  sulphur  are  heated  with  it.  It  does  not  blue  starch,  until 
acted  on  with  reducing  agents,  such  as  SO2,  or  HgS,  etc.;  or  by  hydriodic 
acid,  nitrous  acid,  phosphorous  acid,  etc.,  when  it  is  decomposed,  iodine 
being  set  free  (HIO3  +  5HI  =3H20  +  3I„),  which  will  then  form  the 
blue  iodide  of  starch. 

Iodic  acid  is  a  monobasic  acid,  and  forms  iodates.    (See  Iodates.) 

Periodic  Acid  (Ht04=l92). 

History. — Discovered  by  Magnus. 

Preparation. — In  the  process  for  the  preparation  of  periodic  acid 
there  are  several  distinct  steps  to  be  noted  : — 

(a.)  Chlorine  is  first  passed  through  a  solution  of  sodic  iodate  con- 
taining free  soda,  a  sodic  periodate  being  formed  : — 

2NaI03  +  6NaH0  +  2CI2  =  4NaCl  +  NaJgOg  +3H2O. 
Sodic  iodate  +  Sodic  hjdrate  +  Chlorine  =  Sodic  chloride  +  Sodic  perio-  +  "Water. 

date  (basic). 

(/S.)  The  insoluble  sodic  periodate  formed  is  collected  and  treated 
with  argentic  nitrate  : — 

NaJgOg      +      4AgN03     =    4NaN03    +  AgJgOg. 
Sodic  periodate  +  Argentic  nitrate  =   Sodic  nitrate   +   Argentic  periodate 
(basic)  (basic). 

(y.)  The  basic  argentic  periodate  formed  is  then  dissolved  in  nitric 
acid,  when  a  neutral  argentic  periodate  is  obtained. 

AgilgOg      +  2HNO3  =      2AgI04       +      AgNOg     +  H2O. 
Argentic  periodate  +  Nitric  acid  =  Ai-gentic  periodate  +  Argentic  nitrate  +  "Water, 
(hasic)  (neutral) 

{I.)  This  neutral  argentic  periodate  is  now  boiled  in  water,  when 
periodic  acid  and  basic  argentic  periodate  are  formed, 

4AgI04      +  H2O  =2(AgI04),  Ag20  +  2HIO4. 
Argentic  periodate  +  "Water  =  Argentic  periodate  +     Periodic  acid, 
(neutral)  (basic) 

It  may  also  be  prepared  by  decomposing  plumbic  periodate  with 
sulphuric   acid   (Pb  (104)2  +  HgSO*  =  PbS04  +  2HIO4)  ;   or  by 
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adding  iodine  to  an  aqueous  solution  of  perchloric  acid  (2HCIO4  +  L 
=  2HIO4  +  Clo). 

Properties. — Periodic  acid  is  a  crystalline  solid,  melting  at  271' 4° 
F.  (133°  C),  very  soluble  in  alcohol,  ether,  and  water.  The  aqueous 
solution  has  a  strong  acid  reaction.  It  may  be  boiled,  but  at  284° 
F.  (140°  C.)  it  is  decomposed  into  I2O5,  water  and  oxygen. 


COMPOUNDS  OF  IODINE  AND  CHLORINE. 

1.  Monochloride  of  Iodine  ...  ...  ICl. 

2.  Trichloride  of  Iodine  ...  ...  ICI3. 

3.  Tetrachloride  of  Iodine  ...  ...  ICI4. 

4.  Pentachloride  of  Iodine  ...  ...  ICI5.  (?) 

Monochloride  of  Iodine  (ICl  =  161*9)  may  be  obtained  directly, 
or  by  dissolving  the  product  formed  on  boiling  iodine  with  aqua  regia, 
in  ether,  or  by  heating  a  mixture  of  iodine  and  potassic  chlorate 
(Berzelius),  (Ig  +  3KCIO3  =  KCIO4  +  KIO3  +  KCl  +  O2  +  ICl). 

It  is  a  dark,  red,  oily  liquid,  bleaching  iudigo,  but  not  colouring 
starch.  It  solidifies  on  standing.  The  crystals  are  very  deliquescent, 
and  are  decomposed  by  water  (5IC1  +  SHgO  =  HIO3  +  5HC1  +  2I2). 
They  melt  at  77°  F.  (24-7°  C),  and  boil  at  213-8°  F.  (101°  C). 

Trichloride  of  Iodine  (ICI3)  is  prepared  either  by  direct  com- 
bination, using  a  large  excess  of  chlorine,  or  by  heating  I2O5  with 
hydrochloric  acid  (I2O5  +  lOHCl  =  2CI2  +  SHgO  +  2ICI3). 

It  is  a  solid  crystalline  body,  of  a  lemon  yellow  colour,  melting  at 
77°  F.  (25°  C).  It  has  no  action  on  starch.  When  heated  it  gives  off 
chlorine.  In  an  atmosphere  of  chlorine  it  does  not  decompose  at  a 
temperature  below  152-6°  F.  (67°  C),  when  ICl  and  free  chlorine  are 
formed,  the  ICI3  being  reform  id  on  cooling. 

Both  these  chlorides  (ICl  and  ICI3)  are  soluble  in  alcohol  and  ether, 
and  are  decomposed  by  potassic  hydrate  (6KH0  +  5IC1  =  5KC1  + 
KIO3  +  2I2  +  3H2O). 

Tetracliloride  of  Iodine  (ICI4)  is  supposed  to  be  formed  when  the 
monochloride  is  decomposed  (8IC1  =  2ICI4  +  3I2). 

PentaMonde  of  Iodine  (ICI5)  is  also  supposed  to  exist. 


Iodine  is  believed  to  combine  with  bromine,  forming  IBr  and  IBrs, 
these  compounds  having  similar  properties  to  the  corresponding 
chlorides. 


THE  HALOGENS. 
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Generalisation  on  the  Halogens  {that  is,  bodies  forming  salts,  like 
common  salt),  or  Salt  Eadicals  (so  called  from  their  forming  salts 
h/  direct  contact  xoitli  the  metals),  chiefly  avith  reference  to 
Chlorine,  Broxmine,  and  Iodine. 

(1.)  None  of  tliese  bodies  are  found  in  nature  in  a  free  state.  Where 
one  is  present,  all  are  usually  present ;  as,  e.g.,  in  sea  water,  in  mineral 
springs,  in  marine  plants,  in  marine  animals,  etc. 

(2.)  They  are  all  monad  elements,  one  volume  of  the  haloid  element 
combining  with  one  volume  of  hydrogen,  to  form  two  volumes  of 
gaseous  hydric  acid,  as  HCl,  HBr,  HI,  HF,  all  of  which  acids  are 
closely  allied  in  properties  and  reactions. 

(3.)  They  all  attack  organic  bodies,  replacing  and  displacing  hy- 
drogen. 

(4.)  They  all  decompose  water,  forming  compounds  with  the  hy- 
drogen, and  setting  free  ozonic  oxygen. 

(5.)  They  all  bleach,  oxidize,  and  disinfect,  by  reason  of  their  action 
on  water  (4). 

(6.)  They  all  act  energetically  on  the  metals,  forming  typical  salts, 
which  are  very  comparable  as  mono-,  sesqui-,  and  per-salts. 
(7.)  They  exhibit  a  remarkable  sequence  of  properties  : — 

{Chlorine  is  a  yellow  gas. 
Bromine  is  a  red  liquid,  boiling  at  14o"4°  F. 
Iodine  is  a  black  solid,  boiling  at  347°  F. 

i  Chlorine,  2-47. 
(^.)  Specific  gravity.     I  Bromine,  5-54. 

(iodine,  8-72. 

J  Chlorine,  35-5. 
(y.)  Atomic  weights.     <  Bromine,  80-0. 

(iodine,  127-0. 

[Note. — The  intensity  of  affinity  seems  to  decrease,  as  the  combining 

number  increases.] 

{  Compounds  of  H  and  CI,  very  stable. 
{I.)  Comjmunds  with     )  „  H  and  Br,  less  stable. 

hydrogen.  j  „  H  and  I,  less  stable  than  HBr. 

(  „  H  and  F,  somewhat  unstable. 

(f.)  The  reactions  of  the  salts  of  the  metals  also  exhibit  a  peculiar 
sequence : —  , 

Fhioride  of  silver,  very  soluble  in  water. 
Chloride  of  silver,  insoluble  in  water,  soluble  in  ammonia. 
Bromide  of  silver  „  „     slightly  soluble  in  ammonia. 

Iodide  of  silver  „  „     insoluble  in  ammonia. 
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(  Compounds  of  O  and  F,  non-existent. 
a.)  The  oxy-com-       )  „  O  and  CI,  very  unstable. 

pounds.  )  „  O  and  Br,  less  unstable. 

(  „  0  and  I,  stable. 

[Note.— The  stability  of  the  oxygen  compounds  is  in  inverse  order 
to  the  stability  of  the  hydrogen  compounds.] 

(tj.)  Their  nitrogen  compounds  are  all  explosive. 

(e.)  Chlorine  is  the  most  electro-negative  of  the  haloids,  and  dis- 
places bromine  from  its  compounds;  bromine  stands  next,  and 
displaces  iodine;  nevertheless,  in  oxy-compounds,  iodine  will  displace 
chlorine. 


CHAPTER  VI. 


NITROGEN. 

Nitrogejt: —Atmospheric  Air— Its  Constituents  —  Compounds  of  Nitrogen  and 
Oxygen— Nitrous  oxide— Hyponitrous  acid— Nitric  oxide— Nitrous  anhydride- 
Nitrous  acid— Nitric  peroxide— Nitric  anhydride— Nitric  acid— Compounds  of 
Niti-ogen  and  the  Haloids  —  Compounds  of  Nitrogen  with  Oxygen  and  the 
Haloids. 


NITROGEN  (N). 

Atornic  Weight,  14  (jnore  exactly  14-01).  Molecular  Weight,  28.  Mole- 
cular volume  I  I  |.  Atomicity  —  Pentad  (^),  N'H^Cl;  Triad 
{"\  N"'H3,  Monad  ('),  N^O.  Si^ecific  gravity  observed,  0-9713, 
calculated  (0-0693  x  U)  =  0-9702.  1  litre  weighs  \4.criths  (0-0896 
X  14)  =  1-254  grm.  at  0°  C.  and  760  mm.  100  ciihic  inches  weigh 
30-002  grns.  at  60°  F.  and  30  B.P. 

Synonyms.— ^^^o^e  (Lavoisier)  ;  Nitrogen  (Chaptal). 

Histoi^.— It  was  long  ago  noticed  that  a  combustible  body  in 
burning  vitiated  the  air.  The  Stahlians  believed  this  vitiation  to 
be  due  to  the  liberated  "phlogiston."  Hence  they  termed  an  air  so 
vatiated  "  phlogisticated  air."  Dr.  Rutherford  (1772)  of  Edinburgh, 
struck  by  the  change  produced  in  atmospheric  air  by  respiration,  sug- 
gested that  it  was  not  an  element,  but  a  compound  of  two  gases,  and 
that  in  the  act  of  breathing  one  of  these  gases  was  abstracted.  Scheele 
and  Lavoisier  (1777)  independently  proved  that  air  was  a  mixture 
ot  the  newly  discovered  oxygen  with  another  gas  which  Lavoisier 
termed  azote  (a  and  ^c.^).  This  azote,  Chaptal  (1789)  recognised 
as  a  constituent  of  nitre  and  nitric  acid,  and  he,  therefore,  named  it 
nitrogen. 

_  Natural  History— (a.)  in  the  mineral  kingdom,  nitrogen  is  found 
m  a  free  state  in  the  air  to  the  extent  of  about  79  per  cent,  by  volume, 
aJso  in  gaseous  volcanic  emanations,  etc.  It  is  found  in  combination  (1) 
with  oxygen  and  bases  in  nitres,  and  (2)  with  hydrogen,  as  ammonia, 
m  air  and  water.  (/3.)  In  the  vegetable  kingdom  it  is  present  in  small 
quantities  in  combination  in  most  of  the  products  of  plant  life,  such 
as  vegetable  albumen,  the  various  alkaloids,  etc.,  whilst  (y,)  in  the 
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animal  kingdom  it  is  found  in  all  the  fluids  and  tissues  of  the  body,  and 
plays  an  important  part  in  the  phenomena  of  life. 

Nitrogen  present  in  various  Animal  Substances. 


Per  cent,  by 
weight  of 
Nitrogen. 

Per  cent,  by 
•weight  of 
Nitrogen. 

Urea(CH^NjO)   ..  .. 
Kreatin  {G^B.gNfi^)    . . 
Kreatinin  (C^H^NgO)  . . 

16-0 

15-  4 

16-  5 
15-7 

46-7 
32-1 
37-1 

Sarcosin  (C3H,N02)  . . 
Leucine  (CgHi^NOj)  . . 
Tyrosin  (CgHiiNOg)  . . 

16-0 
16-0  to  18-0 
18-3 

15-7 
12-2 
7-7 

Preparation. — (l-)  abstracting  oxygen  from  atmospheric  air  by 
one  or  other  of  the  following  methods : — 

(a.)  By  the  active  combustion  of  phosphorus. 

(/3.)  By  the  slow  combustion  of  phosphorus  in  moist  air. 

(y.)  By  the  action  of  moist  iron  or  certain  other  metallic  filings. 

(g.)  By  the  action  of  moistened  alkaline  sulphides. 

(e.)  By  the  action  of  potassic  pyrogallate. 

(^.)  By  admixture  with  nitric  oxide  (NO)  and  subsequent  washing. 

(t,.)  By  passing  air  (purified  from  COo.  by  caustic  potash,  and 
from  moisture  by  sulphuric  acid)  over  red  hot  iron  or  copper  turnings, 
or,  best  of  all,  over  finely  divided  copper  reduced  by  hydrogen  from 
the  powdered  oxide  (Cu^  +  [^N^  +  Oo]  air  =  2CuO  +  4N2). 

(2.)  By  the  decomposition  of  ammonia  or  of  its  salts  by  such  methods 
as  the  following  : — 

(a.)  By  passing  chlorine  through  an  excess  of  ammonia  solution. 
(If  there  be  not  an  excess  of  ammonia,  nitrogen  chloride  may  be 
formed) — 

8NH3      +       3C1.      =  6NH,C1        +  N,. 

Ammonia      +       CHorine      =      Ammonic  chloride      +  Nitrogen. 

(/3.)  By  heating  ammonic  nitrite— 

=  2B.0O 


NH4NO2  =  ^XXgV 

Ammonic  nitrite       =  Water 


+ 
+ 


N2. 
Nitrogen, 

(y.)  By  heating  together  ammonic  chloride  and  potassic  nitrite— 

KNO2      +       NH4CI       =        KCl        +2H2O+  Ne. 
Potassic  nitrite  +  Ammonic  chloride  =  Potassic  chloride  +  "Water  +  Nitrogen. 

(g.)  By  heating  together  solutions  of  ammonic  chloride  and  ammonic 
nitrate  (Maumene's  process  for  preparing  chlorine;  see  page  90). 
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[The  chlorine  produced  may  be  removed  by  washing  the  products 
with  an  alkali.] 

(e.)  By  heating  either  ammonic  bichromate  alone  [(^114)2  CrgOy],  or 
a  mixture  of  ammonic  chloride  and  potassic  dichromate  — 

K„Cr207    +   2NH4CI  =  CraOj   +   4H„0   +    2KC1   +  Ng. 
Potassic       +    Ammonic         Chromic  +    "Water    +     Potassic  +  Nitrogen, 
dichromate  chloride  oxide  chloride 

Properties. — (a.)  Sensible. — A  colorless  gas,  without  odor  or  taste. 
Physiological. — It  is  not  a  poison  (for  we  breathe  it  freely),  but 
it  wiJI  not  support  life.    In  the  air  it  serves  the  purpose  of  a  diluent, 
thereby  rendering  the  oxygen  less  stimulating. 

(y.)  Physical.— Its  specific  gravity  is  0-9713.  It  is,  therefore,  a 
little  lighter  than  air;  100  cubic  inches  weigh  30*119  grains  (by 
calculation  30-002  grains),  and  1  litre,  at  0°  C,  1-254  grms. 

Nitrogen  may  be  liquefied  by  cold  and  pressure.  It  is  very  slightly 
soluble  in  water— 100  vols,  absorb  at  32°  F.  (0°  C),  2-03  vols. ;  and  at 
60°  F.  (15°  C.)  1-48  vols.  (Bunsen).  It  is  more  soluble  in  alcohol  than 
in  water. 

It  gives  two  characteristic  spectra,  the  one  obtained  by  passing  the 
ordinary  induction  spark,  and  the  other  by  a  Leyden  jar  spark  through 
a  highly  rarefied  nitrogen  tube. 

(5.)  Chemical. — The  chemical  properties  of  nitrogen  are  remarkable 
for  their  negative  character.  It  has  no  action  on  litmus  or  turmeric ;  it 
neither  burns  nor  allows  a  taper  to  burn  in  it.  It  does  not  whiten  lime 
water.  Upon  oxygen  it  is  without  action  under  ordinary  conditions, 
but  if  sparks  be  transmitted  through  a  mixture  of  oxygen  and  nitrogen, 
or  if  nitrogen  mixed  with  hydrogen  or  if  ammonia  gas  be  burnt  in 
an  atmosphere  of  oxygen,  nitric  acid  is  formed. 

Upon  chlorine  and  the  haloids  it  has  no  action,  unless  nascent,  when 
explosive  compounds  result.  \_Memo.  Being  so  feebly  adapted  for 
combination,  many  of  its  compounds  are  explosive.] 

Upon  phosphorus,  sulj)hur,  selenium,  etc.,  it  has  no  action.  In  the 
case  of  carbon,  it  forms,  at  a  red  heat  and  in  the  presence  of  an  alkali 
or  an  alkaline  earth,  a  metallic  cyanide  (M'CN). 

It  is  said  to  combine  directly  with  boron  and  silicon. 

Upon  hydrogen  it  has  no  action,  unless  the  hydrogen  be  nascent, 
■when  ammonia  is  formed. 

Upon  the  metals  it  has  little  action  generally.  In  the  case  of 
tungsten,  titanium,  magnesium,  and  tantalum,  all  of  which  burn  in  it 
when  heated,  metallic  nitrides  are  formed.  Certain  other  nitrides  are 
known,  of  which  Mg.^N,  Hg"3N2,  CugNs,  and  CrN  are  illustrations. 

It  has  no  action  on  organic  bodies. 

Tests.  In  its  free  state  we  know  it  by  its  negative  characters.  In 
combination  either  as  nitric  acid  or  as  ammonia  it  may  be  recognised 
by  the  special  tests  for  these  bodies. 
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In  organic  compounds  we  estimate  it  quantitatively  from  the  amount 
of  ammonia  formed  when  the  organic  matter  is  combusted  with  soda- 
lime.  If  the  nitrogen  be  present  in  the  body  as  an  oxide,  it  must  then 
be  determined  as  free  nitrogen  by  processes  to  be  hereafter  described. 
{See  Organic  Analysis.) 

.  Uses.  These  are  confined  to  Nature  as  a  diluent  in  the  air,  and 

as  a  constituent  of  tissues. 

ATMOSPHERIC  AIR  (ar/xoc  vapor,  and  G<^>aipa  a  sphere). 

History. — («•)  -indent  opinions. — The  air  was  originally  regarded  as 
an  element.  The  ancient  chemists  made  no  distinction  between  the 
various  aeriform  bodies,  calling  them  all  air,  and  this  common  air.  In 
1640,  Van  Helmont  observed  differences  in  air,  and  he  adopted  the 
word  gan  or  gaz,  to  distinguish  them  (thus  gas-pinque,  gas-siccum, 
gas-fatiginosum,  gas  silvestre.— De  Flatibus.)  In  1650,  Macquer 
popularised  the  word  gas,  and  distinguished  a  gas  from  a  vapor.  In 
1660  Boyle  suspected  a  difference  in  the  composition  of  different  gases 
from  noting  differences  in  their  combustibility,  etc. 

(/3.)  Modern  opinions.— In  1772,  Rutherford  discovered  nitrogen, 
and  in  1774,  Priestley  discovered  oxygen.  In  1777,  Lavoisier  proved 
that  air  consisted  of  a  mixture  of  these  two  gases,  in  the  proportion  of 
1  volume  of  oxygen  and  4  volumes  of  nitrogen.  His  experiment  in 
proof  consisted  in  boiling  mercury  for  several  days  in  a  given  bulk  of 
air,  noting  the  loss,  the  quantity  of  the  calx  of  mercury  formed  (HgO), 
and  the  quantity  of  oxygen  produced  on  heating  a  given  weight  of 
the  calx.  About  the  same  time  Scheele  and  Priestley  independently 
arrived  at  similar  conclusions,  the  former  absorbing  the  oxygen  with 
potassic  sulphide,  and  the  latter  with  nitric  oxide.  More  careful  ex- 
periments were  afterwards  conducted  by  Cavendish  (1781),  Prout,  Biot 
and  Arago,  Dumas  and  Boussingault,  Regnault  and  others. 

Properties.— (a.)  Fhysical— The  sp)ecific  gravity  of  air  is  regarded 
as  1  ;  that  is,  it  is  regarded  at  0°  C.  and  at  30  Bar.  Pr.  (760  mm.)  as 
the  unit  and  standard  of  comparison  for  gases  and  vapors.  Its 
density  is  directly  proportional  to  the  pressure  (Boyle's  law).  Thus 
the  density  decreases  in  a  geometric  ratio  to  the  increase  of  the  height 
of  the  air  above  the  sea  level. 

Weight  of  the  Air. 

100  cubic  inches  weigh  (Prout)    31-117  grains. 

J,  ,,     (Biot  and  Arago)   31*074  „ 

(Dumas  and  Bousaingault) . .        ..  31-086  „ 

(Regnault  at  Paris  latitude)         ..  30-935  „ 

fMean  of  the  four  observations)    ..    31-053  ,, 
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Taking  the  mean  of  these  experiments,  1  litre  of  air  weighs  at  0°  C. 
and  760  mm.,  1-2936  grm.,  and  1  cubic  foot,  536-6  grains.  Air  is 
therefore  14-45  times  heayier  than  hydrogen,  816  times  lighter  than 
water,  and  10,500  times  lighter  than  mercury. 

The  average  pressure  of  the  air  on  the  surface  of  the  earth,  and  at 
the  level  of  the  ocean  is  equal,  on  an  average,  to  15  lbs.  on  the  square 
inch  (more  accurately  1033-3  grms.  on  1  square  centimeter  of  surface 
at  the  sea's  level,  or  27,000,000  tons  on  every  square  mile),  that  is,  the 
air  is  capable  of  supporting  a  column  of  mercury  of  30  inches  or  760 
mm.  at  0°  C,  or  a  column  of  water  of  34  feet.  Pressure,  however,  is 
not  constant,  owing  to  variations  in  temperature,  solar  radiation,  etc.  ; 
hence  in  gas  determinations,  it  is  always  necessary  to  correct  for  the 
pressure  of  air.  As  we  ascend,  the  pressure  diminishes  with  the 
density,  it  being  halved  for  every  3-4  miles.  It  follows,  therefore, 
that  whatever  may  be  the  extent  of  the  air  (estimated  at  from  40  to  45 
miles),  one-half  of  the  atmosphere  must  be  confined  to  about  3-5  miles 
of  the  earth.  But  the  temperature  at  different  places  varies,  owing  to 
the  unequal  heating  effect  of  the  sun  on  different  portions  of  the 
earth's  surface.  Hence  arise  *'  winds,"  i.e.,  motions  of  the  atmosphere. 
What  are  called  "  breezes  "  are  dependent  on  mere  limited  alterations, 
whilst  "trade  winds"  depend  on  differences  of  air  temperature  in  the 
Equatorial  zones  and  Polar  regions. 

The  average  temperature  of  the  an-  in  England  is  60°  F.  (15-56°  C). 
But  this  varies  at  different  heights,  the  temperature  decreasing  1°  F. 
for  every  300  feet,  or  1°  C.  for  every  550  feet. 

The  warmth  of  the  air  is  mainly  due  to  radiation  from  the  earth's 
surface.  The  luminous  rays  from  the  sun  do  not  heat  the  air  in  their 
passage  through  it.  The  heat  rays  are  partly  absorbed,  and  supply 
some  of  the  atmospheric  warmth.  The  visible  rays  (together  with 
those  heat  rays  not  previously  absorbed)  reach  the  earth,  and  are 
converted  into  heat,  which,  radiating  from  the  earth,  are  then  absorbed 
by  the  aqueous  vapors  of  the  air.  Thus  the  luminous  rays 
pass  from  the  sun  through  the  aqueous  vapors  of  the  air  to  heat 
the  earth,  but  the  dark  heat  rays  radiating  from  the  earth  are 
entrapped  by  the  aqueous  vapors  of  the  air,  thereby  heating  the  air. 
By  the  constant  rise  of  the  heated  air  and  the  constant  fall  of  the 
colder  air,  the  atmosphere  is  kept  uniformly  heated. 

The  line  of  j^erpetual  snow,  that  is,  the  height  at  which  the  mean 
temperature  of  the  air  does  not  rise  above  the  freezing  point  (which 
varies  for  different  latitudes,  and  even  at  the  same  latitude  is  affected 
by  local  causes),  is  in  this  country  about  6,000  feet,  whilst  in  the 
tropics  under  the  equator  it  is  15,200  ft.,  and  at  latitude  75°  is  at  the 
sea  level. 

Air  is  a  refractor  of  light  ; — hence  the  existence  of  twilight. 
(/3.)  Chemical. — Air  is  a  mechanical  mixture  of  nitrogen,  oxygen  and 
other  gases,  as  proved  by  the  following  circumstances  : — 
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(a.)  On  mixing  oxygen  and  nitrogen  in  their  proper  aerial  propor- 
tions, neither  change  of  vohime,  nor  heat,  nor  electricity  results. 

(b.)  The  relative  amounts  of  oxygen  and  nitrogen  present  in  the  air 
are  not  their  combining  weights,  nor  any  multiple  thereof. 

(c.)  When  air  is  shaken  up  with  fresh  boiled  water,  the  gases  dis- 
solve in  their  normal  proportion,  i.e.,  as  1  of  nitrogen  to  1'87  of 
oxygen ;  and  not  in  the  proportion  in  which  they  are  contained  in  air, 
viz.,  as  4  of  nitrogen  to  1  of  oxygen. 

Air  also  contains  certain  finely  divided  solids  in  suspension,  such  as 
sodic  chloride,  sporules,  volcanic  dust,  etc. 


Composition. 

General  average  Analysis  of  Air. 


Oxygen 

Nitrogen   

Carbonic  anhydride  . . 
Aqueous  vapour 
Nitric  acid 
Ammonia 

Carburetted  bydrogen 
and  in  (  Sulphuretted  hydrogen 
towns  (  Sulphurous  anhydride 


20'61 
77-95 
•04 
1'40 


traces. 
\  traces. 


Constituents  of  the  Air. 

(1.)  Oxygen  and  Nitrogen.— ThQ  proportion  of  these  gases  respec- 
tively present  in  air  was,  first  of  all,  determined  by  Cavendish  in  1781 
{Phil.  Trans.,  1783,  p.  106).  Analyses  may  be  conducted  in  various 
ways : — 

(A.)  By  reagents  lohich  absorb  the  oxygen  at  ordinary  temperatures  and 
leave  the  nitrogen,  as  follows: — 

(a.)  By  mixing  a  given  bulk  of  air  with  a  given  bulk  of  nitric 
oxide  (NO)  in  a  graduated  tube  standing  over  water.  The  oxygen 
present  in  the  air  combines  with  the  nitric  oxide  (NO)  to  form 
nitric  peroxide  (N2O4),  which  is  dissolved  as  soon  as  formed  by  the 
water  in  the  tube. 

Example.— ^w^^o^e  that  to  5  volumes  of  air  we  add  5  volumes  of 
NO,  we  should  find  that  3  volumes  would  be  immediately  absorbed 
by  the  water,  leaving  only  7  volumes  in  the  tube.  Of  every  3  volumes 
of  N2O4  so  absorbed,  1  volume  we  know  to  be  oxygen.  It  follows, 
therefore,  that  1  volume  of  the  5  volumes  of  the  original  air  was 
oxygen. 

There  are  many  sources  of  error  in  this  process.  The  NO  may 
contain  NgO,  whilst  N2O3  may  be  formed  in  variable  proportion,  as 
well  as  N2O4.    This  process  of  analysis,  therefore,  although  consider- 


ATMOSPHERIC  AIR. 


121 


ably  improved  by  Falconer,  Fontana,  Cavendish,  Humboldt,  Gay 
Lussac,  Thenard,  and  others,  is  wanting  in  accuracy. 

(^.)  By  exposing  a  given  volume  of  air  to  the  action  of  an  alkaline 
sulphide.    (Scheele;  improved  by  De  Marti.) 

(y.)  By  exposing  a  given  volume  of  air  to  the  action  of  moist  lead. 
(Saussure.) 

(I)  By  exposing  a  given  volume  of  air  to  the  action  of  sheet  copper 
and  dilute  sulphuric  acid.    (Gay  Lussac.) 

(t.)  By  introducing  a  piece  of  phosphorus  into  a  given  volume  of 
air  standing  over  water.  (Berthollet  and  Parrot,  Achard,  Brunner, 
Reboul,  etc.) 

{^.)  By  a  solution  of  nitric  oxide  in  ferrous  sulphate  (4FeS04  + 
2N0),  a  brown  liquid  being  formed  which  rapidly  absorbs  oxygen. 
(Sir  H.  Davy.) 

(t].)  Either  by  an  ammoniacal  solution  of  cuprous  sulphate,  prepared 
by  passing  SO2  thi-ough  an  ammoniacal  solution  of  CUSO4,  and  dis- 
solving the  precipitate  formed  in  ammonia;  or  by  a  solution  of 
cuprous  oxide  (CugO)  in  ammonia.  (Graham.) 

(0.)  By  a  strong  solution  of  pyrogallic  acid  (CaaHgOg)  in  caustic 
potash  (potassic  pyrogallate). 

(B.)  Bi/  agents  which  absorb  the  oxygen  at  high  temperatures  and  leave 
the  nitrogen.— A  given  volume  of  air  is  first  passed,  (1),  over  calcic 
chloride,  then  (2),  over  caustic  potash,  and  finally  (3),  over  ignited  cojy^er 
reduced  from  its  oxide,  severally  contained  in  glass  tubes  accurately 
weighed  before  the  experiment  is  commenced.  The  increase  in  the 
weight  (1)  of  the  calcic  chloride  tube  indicates  the  moisture,  (2)  of  the 
caustic  potash  tube,  the  carbonic  anhydride,  and  (3)  of  the  cojij^er  tubes 
the  oxygen  contained  in  the  volume  of  air  operated  upon.  The  residual 
gas,  which  is  nitrogen,  may  be  collected  in  an  exhausted  and  weighed 
globe,  the  increase  in  the  weight  of  which  after  the  experiment  is 
complete  gives  the  nitrogen.  (Dumas  and  Boussingault,  1841.  Vide 
Ann.  Chem.  Phys.    [3],  III.,  257.) 

(C.)  By  exjiloding  the  air  with  hydrogen  in  a  eudiometer.  (Regnault, 
Bunsen,  Frankland,  Williamson,  Angus  Smith,  Eussell,  etc.)— Every 
1  volume  of  oxygen  requires  2  volumes  of  hydrogen  to  form  2  volumes 
of  water  gas  (HgO). 

Experiment.— To  100  volumes  of  air  from  which  the  ammonia,  mois- 
ture and  carbonic  acid  have  been  removed,  add  50  volumes  of  hydrogen, 
and  explode.  The  150  volumes  will  shrink  (water  being  condensed) 
to  87  volumes ; 

150  —  87  =  63  volumes  loss  ; 
Of  these  63  volumes  of  HgO  condensed,  one-third  is  oxygen; 
Therefore,  ^-^  =21  volumes  of  oxygen  in  100  volumes  of  air. 
[Memo. — We  may  here  note,  that  conversely  the  quantity  of  hydro- 
gen present  in  a  mixed  gas  may  be  estimated  by  exploding  the  gas  with 
oxygen  and  noting  the  loss,  two-thirds  of  which  is  hydrogen.] 


122 


HANDBOOK  OF  MODERN  CHEMISTRY. 


This  combination  of  oxygen  and  hydrogen  may  be  effected  sloAvly 
by  using  pellets  of  spongy  platinum. 

Results  of  analysis.— Taking  the  average  of  numerous  experiments, 
ordinary  air  may  be  regarded  (disregarding  other  constituents)  as  a 
mechanical  mixture  of  79'15  volumes  of  nitrogen  with  20-85  volumes 
of  oxygen,  or  of  76-93  parts  by  weight  of  nitrogen  with  23-07  parts 
of  oxygen.  The  following  results  were  obtained  by  Dumas  and 
Boussingault  and  by  Regnault : — 


Dumas  and 
Boussingault. 

Kegnault. 

Mean. 

In  round 
numbers. 

By  volume  {  ^xy  gl^  W 

79-23 
20-77 

79-07 
20-93 

79-15 
20-85 

79 
21 

100  00 

100-00 

100-00 

100 

By  weight  {oiygfr  \\ 

76-995 
23-005 

76-87 
23-13 

76-93 
23-07 

77 

23 

100-000 

100-00 

100-00 

100 

The  proportions  of  oxygen  and  nitrogen  present  in  the  air,  have 
been  found  not  to  vary  more  than  from  20-80  to  20-97  per  cent,  by 
volume.  Angus  Smith  records  the  air  of  the  Scotch  moor  as 
containing  20-999  per  cent,  by  vol.  of  oxygen,  of  the  town  in  foggy 
weather  20-82,  of  inhabited  rooms  and  crowded  theatres  20-28,  and 
of  mine  air  20*26.  This  uniformity  is  dependent  on  the  operation 
of  winds  and  upon  diffusion,  by  which  gases  mix  in  opposition  to 
gravitation,  and  when  mixed  do  not  again  separate. 

(2.)  Ozone. — The  presence  of  ozone  in  the  air  has  been  abundantly 
proved.  It  is  produced  by  electrical  discharges  as  well  as  during  the 
evaporation  of  water.  It  may  be  detected  by  test  papers.  (See  page 
75.)  The  general  facts  relating  to  atmospheric  ozone  may  be  stated 
as  follows,  although  it  must  be  admitted  that  our  knowledge  on  the 
subject  lacks  certainty  : — 

1.  More  ozone  is  present  during  the  night  than  during  the  day, 
whilst  most  of  all  is  found  at  day-break. 

2.  More  is  found  in  winter  than  in  summer,  and  least  in  autumn. 

3.  More  is  found  at  high  than  at  low  levels. 

4.  More  is  found  on  the  sea  coast,  and  specially  when  the  wind  is 
blowing  from  the  sea,  than  inland. 

5.  More  is  found  in  the  country  than  in  towns,  owing  to  the 
presence  in  the  latter  of  SOg  and  organic  emanations. 

6.  More  is  found  after  a  thunderstorm  than  at  any  other  time  ; 
least  of  all  is  found  on  damp  foggy  days. 

7.  More  is  found  with  western  than  with  eastern  winds. 
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8.  The  maximum  quantity  of  ozone  in  the  air,  never  exceeds 
tuttVot  pai't  its  bulk  (Houzeau).  Its  chief  source  is  atmospheric 
electricity,  and  as  minor  sources  the  action  of  aromatic  plants  and 
flowers,  etc.  (See  Glaisher's  remarks  in  Appendix  to  Cholera  Reports 
of  Board  of  Health,  1855,  pp.  71—73,  89,  90.) 

(3.)  Aqueous  vapor.— The  maximum  quantity  to  be  found  in  air 
(saturation)  is  constant  for  temperature  but  independent  of  pressure. 
Quantity  is  determined  by  instruments  called  hygrometers  (hypac, 
moisture,  and  fiirpov,  a  measure),  hygroscopes,  or  psychrometers 
(xPdXPo^>  cold).  A  larg.e  number  of  common  things,  such  as  seaweeds, 
catgut,  whipcord,  etc.,  are  hygroscopic,  and  are  consequently  used  as 
weather  instruments. 

On  cooling  a  non-saturated  air,  a  temperature  is  reached  when  for 
that  temperature  the  air  will  be  saturated,  and  below  which  a  separation 
of  the  moisture  as  dew  or  mist  occurs.  This  is  called  the  dew  point. 
The  dew  point  varies  according  to  the  quantity  of  moisture  present  in 
the  original  air,  by  determining  which  the  amount  of  moisture  present 
in  unsaturated  air  may  be  estimated. 

Daniel's  hygrometer,  the  action  of  which  depends  on  cooling  the  air 
by  the  evaporation  of  ether  until  moisture  begins  to  be  deposited,  and 
Mason's  wet  and  dry  hdh  thermometers,  are  the  common  instruments  in 
use  for  measuring  the  hygroscopicity  of  the  air.  The  actual  amount 
of  moisture  in  the  air  may  be  estimated,  by  passing  a  given  volume  of 
air  through  a  weighed  tube  containing  calcic  chloride,  the  increase  in 
the  weight  of  the  tube  after  the  experiment  indicating  the  amount  of 
moisture  present  in  the  volume  of  air  operated  upon. 

Russell  ("  On  the  Impurities  in  London  Air,"  by  W.  J.  Russell, 
Ph.D.,  F.R.S.,  in  the  Monthly  Weather  Report  of  the  Meteorological 
Office,  August,  1885)  records  the  following  as  the  mean  of  23  analyses* 
of  dew  : — 

Eesidts  given  in  grams  ])er  Litre. 

Sulphuric  Acid    0-0382 

Hydrochloric  Acid   0-0188 

Ammonia    0-0079 

Oxygen  required  to  Oxidize    0-0282 

Russell  considers  that  the  composition  of  dew  and  of  rain  (analysis 
showing  a  close  similarity  in  their  several  constituents)  may  be 
considered  as  indications  of  the  purity  of  an  air.  The  results  given 
in  the  report  are  interesting. 

General  facts  res2)ecting  moisture. — (a.)  Air  rarely  contains  its  full 
saturated  amount  of  moisture,  except  in  very  cold  weather  or  in  very 
hot  tropical  seas  ;  in  such  cases  the  air  becomes  very  oppressive. 

{b.)  If  the  air  were  saturated  with  moisture,  the  amount  present 
■would  be  as  follows  : — 
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Amounts  of  Aqueous  Vajwr  in  1,000  volumes  of  Air  when  saturated. 


Tempt. 
Fahr. 
(degrees). 

iUUU  vols.  01 

dry  air  become 
when  saturated 
(volumes). 

lUUU  VOIS.  OI 
SatUldtcU  0.11 

COntolu  aq.  vap. 
{ VOiumco ) . 

One  cubic  foot  of  air  saturated  (B.P.30  in.) 

Contains 
aq.  vap. 
(cubic  inches). 

Contains 
aq.  vap. 

(grains). 

And  it 
weighs 
(grains). 

10 

1002-3 

1-12 

1-9354 

0-84 

592-94 

20 

1003-6 

2-29 

3-9571 

1-30 

580-26 

30 

1005-6 

5-67 

9-6250 

1-97 

667-99 

40 

1008-3 

8-23 

14-2214 

2-86 

556-03 

50 

1012-0 

11-76 

20-3213 

4-10 

644-36 

60 

1017-3 

17-06 

29-4797 

5-77 

532-84 

70 

1024-4 

23-82 

41-1610 

8-01 

621-41 

80 

1034-1 

32-98 

56-9890 

10-98 

509-97 

90 

1047-0 

43-93 

75-9110 

14-85 

498-43 

100 

1063-9 

60-07 

103-8010 

19-84 

486-66 

(c.)  The  most  comfortable  degree  of  saturation  is  from  66  to  70  per 
cent.  More  than  this  checks  evaporation  from  the  body,  whilst  less 
causes  too  great  evaporation,  thereby  parching  the  mouth  and  drying 
the  skin. 

(d.)  It  has  been  noted  that  in  certain  places,  remarkable  as  health 
resorts,  the  degree  of  saturation  is  singularly  uniform. 

(4.)  Carbonic  acid —This,  is  always  present  in  air.  It  may  be  esti- 
mated in  different  ways  as  follows  : 

(a.)  By  passing  a  given  volume  of  air  through  a  weighed 
tube  containing  caustic  potash.  The  aqueous  vapor  must  first  be  got 
rid  of  by  passing  the  air  over  chloride  of  calcium.  The  increase  in 
the  weight  of  the  tube  containing  the  caustic  potash,  indicates  the 
amount  of  carbonic  acid  present. 

(j8.)  By  shaking  up  a  gallon  bottle  of  the  air  to  be  examined,  with 
a  known  quantity  of  lime  water.  The  quantity  of  the  lime  re- 
maining unneutralized  must  then  be  determined  by  a  standard  solution 
of  oxalic  acid.  (Pettenkofer.) 

(y.)  By  noting  the  degree  of  turbidity  produced  when  a  given  volume 
of  air  is  passed  through  a  given  bulk  either  of  lime  or  of  baryta  water. 

(g.)  By  shaking  up  half  an  ounce  of  baryta  water  (consisting  of  one 
half  of  a  cold  saturated  solution  and  one-half  water)  with  different 
bulks  of  the  air  under  examination.    The  least  turbidity  indicates— 


"With  23  ozs.  of  air 
9 
5 

3i 


2| 
o 


>> 


0-04  CO,  per  cent. 
010 
0-20 
0-30 
0-40 
0-60 
0-90 


>> 
>) 
>> 

>> 
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General  facts  relating  to  carbonic  acid  in  the  air. — («.)  A  normal 
atmosphere  contains  4l'5  volumes  of  COg  in  10,000  of  air  (i.e.,  0*04  to 
O'Oo  per  cent.). 

(b.)  The  proportion  of  carbonic  acid  is  greater  at  high  than  at  low 
altitudes.  (Frankland.) 

Cliamounix    ...      3,000  feet,    6-3  parts  of  COg  per  10,000. 
Grand  Millets...    11,000    „     IM       „  „ 

(c.)  The  proportion  varies  with  the  weather,  the  quantity  being 
greatest  in  foggy  weather  and  least  in  fine  weather. 
The  following  results  were  obtained  by  Kussell  : — 

Remits  stated  in  grams  per  1,000  cubic  feet  of  air. 


Mean  of 
Experiments. 

Sulphuric 
Acid. 

Hydrochloric 
Acid. 

Carbonic 
Acid. 

In  fine  weather  . . 
In  dull  weather  . . 
In  foggy  weather 

12 
11 
4 

0-0128 
0-0319 
0-0460 

0-0010 
0-0036 
0-0028 

Vols,  in  10,000. 

3-  78 

4-  60 

5-  10 

{d.)  The  proportion  is  slightly  greater  on  the  surface  of  the  ocean 
by  day  than  inland  (from  the  action  of  the  sun  on  the  water?).  Lewy 
found  4-7  parts  per  10,000  in  the  air  at  the  middle  of  the  Atlantic. 

(e.)  The  proportion  of  carbonic  anhydride  present  in  the  air  varies 
greatly. 

Proportions  of  Carbonic  Acid  per  10,000  px^i'ts  of  Air. 


In  cities  and  towns  : — 
London  . . 
Manchester 
Munich  .. 
Madrid  . . 
Paiis 

In  dwelling-houses : — 

By  day  (large  rooms)    , . 

,,      (small  rooms)  . . 
By  night  (common  rooms) 
(bed  rooms)   . . 

In  schools  : — 

By  day,  English 
French.. 
, ,  German 

In  mills  and  workshops 

Places  of  public  resort : — 
London  law  courts 
London  theatres 
Manchesttr  theatres 
Paris  theatres    , . 


Extremes. 


2-8—4-3 

3-4 

4-9—15 

0-4 

5-0 

3-0—8-0 

5-2 

3-6-5-1 

4-9 

5-4—8-7 

6-8 

12-7 

13-4 

28—50 

36-0 

9-7—31 

21-5 

27—47 

24-7 

39-2 

28—30 

29-1 

4-8—19-8 

12-3 

7-6-32-0 

14-9 

10-2— 27-3 

14-8 

23—43 

33-0 

Average. 
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(/.)  Expired  air  contains  from  350  to  500  parts  per  10,000,  or  an 
average  of  425  parts  in  10,000  of  air. 

{g.)  Roscoe  states  that  the  air  in  rooms  never  contains  more  than  0*5 
per  cent.,  or  50  parts  in  10,000,  owing  to  diffusion  and  to  the  porous 
nature  of  the  walls. 

(/}.)  When  a  chafing  dish  was  lighted  and  left  to  burn  until  the 
carbonic  acid  generated  was  sufficient  to  extinguish  the  fire,  the 
proportion  of  COo  was  found  to  be  14  per  cent,  or  1,400  parts  per 
10,000  of  air. 

(j.)  Here  it  will  be  well  to  note  the  vitiating  effects  on  air  of 
different  kinds  of  fuel  and  illuminating  agents. 

Carbonic  Acid  j^i'oduced  and  Air  vitiated  2ier  hour. 


A  man  . . 

A  horse  or  cow 

Batswing  bumer  (3  feet  per  hour  cannel  gae) 
Fishtail  or  Argand  (5  ,,      common  gas) 

Moderator  lamp,  consuming  6i3  gi'aina  oil  per  hour 


Paraffin       , , 

candle 
Spermaceti  candle 
Composite  ,, 
"Wax  ,, 
Tallow 


400 
120 
130 
140 
168 
143 


Carbonic  acid 

produced 
(cubic  inches) . 


1,201 
14,760 
4,304 
4,752 
3,867 
2,666 
800 
809 
829 
1,062 
858 


Air  vitiated 

and  used 
(cubic  feet). 


723 
8,591 
2,513 
2,779 
2,410 
1,668 
498 
602 
516 
670 
629 


{j.)  Lastly,  we  may  note  that  the  quantity,  according  to  Pettenkofer, 
which  marks  the  boundary  line  between  pure  and  impure  air  is  O'l 
per  cent.  If,  therefore,  we  find  more  than  10  parts  of  COg  in  10,000 
parts  of  air,  we  should  be  justified  in  regarding  that  atmosphere  as 
dangerously  polluted. 

(5.)  Ammonia. — Free  and  saline  ammonia  is  generally  present  in  the 
air  in  small  quantities.  This  was  first  observed  by  Liebig.  It  may  be 
estimated  by  passing  a  known  volume  of  air  through  a  known  quantity 
of  dilute  sulphuric  acid,  contained  in  a  tube  filled  with  glass  beads. 
The  amount  of  acid  left  unsaturated  must  be  afterwards  determined. 

Proj)ortions  of  ammonia  (NH3)  found  in  1  million  j^arts  of  air. 

Fresenius  (by  day)  . .        . .        . .        . .  0-098 

,,       (by  night)        ..    0-169 

Groeger      . .        . .        . .        . .        . .        . .  0-383 

Kemp        ..       ..       ..  ..       ..  3-880 

Letheby  and  Tidy   from  4-101  to  6-203 

(Vide  Quarterly  Journal  of  Agricidtwe.,  1849,  p.  160.) 
Ammonia  is  always  more  abundant  in  the  air  in  dry  than  in  wet 
weather,  in  town  than  in  country,  and  in  summer  than  in  winter. 
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Proportions  of  Ammonia  found  in  1  million  parts  of  Rain  Water. 

•  Parts  per  million. 

Boussingault  (Liebfrauenberg)     ..  ,.  o-80 

LaM-es  and  Gilbert  (Rothamstead)  . .  . .       i  -oo 

Eussell       ..       ,.       ..       ..  .,  2-80 

BaiTal  and  Boussingault  (Paris)    . .  . .  . .     3  to  4 

Letheby  and  Tidy  (London  Hospital)  . .  . .     4  to  6 

(6.)  Nitric  acid  and  other  oxides  of  nitrogen. — Nitric  acid  is  always 
present  in  small  quantities  in  the  atmosphere,  but  specially  during  a 
thunderstorm,  electrical  discharges  determining  the  union  of  the 
nitrogen  and  oxygen.  Its  presence  may  also  be  due  to  the  action  of 
ozone  on  atmospheric  ammonia.  The  acid  is  present  in  rain  water  to 
the  extent,  at  times,  according  to  Messrs.  Lawes  and  Gilbert,  of  3-71 
parts  in  a  million. 

Probably  ammonia  and  nitric  acid  are  the  sources  from  which  plants 
derive  their  nitrogen,  vegetation  being  apparently  unable  to  assimilate 
the  gas  when  presented  to  it  in  a  free  state. 

(7.)  Sulj)hurous  and  sulphuric  acids. — These  are  always  present  in  the 
atmosphere  of  towns  where  coal  is  burnt,  and  may  often  be  seen  upon 
our  windows  in  the  form  of  ammonic  sulphate.  In  certain  localities 
■  where  sulphur  is  burnt  or  metals  refined,  a  large  escape  of  sulphurous 
acid  into  the  air  is  not  uncommon.  The  rain  from  the  roof  of  th6 
London  Hospital  College  was  found  to  contain  from  0-942  grain 
to  4-357  grains  of  sulphuric  acid  (HoSO^)  per  gallon.  {See  Table, 
i  p.  125). 

(8.)  Organic  and  suspended  matters,  etc. — Certain  organic  vapors, 
floating  particles,  germs  of  fungi,  etc.,  are  found  in  the  air,  and  are 
revealed  by  every  sunbeam,  owing  to  their  property  of  reflecting  light. 
1  That  such  organic  particles  are  present,  the  development  of  mould 
and  of  infusoria  in  organic  solutions  abundantly  testifies.  Tyndall's  re- 
searches have  shown  the  power  possessed  by  cotton  wool  in  filtering 
off  these  solid  particles.  A  mist  or  fog  is  due  to  the  presence  of  minute 
liquid  particles.  Suspended  solid  particles  are  rapidly  deposited  by 
the  electrification  of  air.  (Lodge.) 

Russell  ("On  the  Impurities  of  Loudon  Air,"  August,  1885),  has 
made  very  numerous  estimations  of  the  organic  matter  in  the  air,  and 
has  found  a  close  relationship  between  the  weather  and  the  quantity 
of  organic  matter  present.  The  followiug  mean  numbers  were 
obtained : — 

Organic  Matter  in  Air. 
{Grams  per  1000  culicfeet  of  Air.) 

Organio  Carbon.  Organic  Nitrogen. 

In  fine  -H-father   0-0033  0-0002 

In  dull  -weather   0-0101  0-0002 

In  foggy  weather   0-0239  0-0005 
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(9.)  Saline  matters.— CQxtoxn  finely  divided  salts,  such  as  sodic  chloride, 
etc.,  are  found  in  the  air,  and  especially  in  the  immediate  neighbourhood 
of  the  sea.  Common  salt,  however,  exists  in  small  proportions  in 
all  air.  Kussell  has  estimated  the  chlorides  in  the  air  under  different 
conditions.    His  results  are  stated  iu  the  table  on  page  125. 


COMPOUNDS  OF  NITROGEN  AND  OXYGEN. 

Nitrogen  and  oxygen  have  but  little  tendency  to  combine  directly, 
nevertheless  by  indirect  combination  they  form  a  very  complete  series 
of  chemical  compounds,  which  may  be  thus  tabulated  : — 


The  Oxides  of  Nitrogen. 


Formula  of  Oxides. 

Acids. 

Formula  of  acids. 

NjO           (Nitrous  oxide) 
NjOj  (NO)  (Nitric  oxide) 
N2O3          (Nitrous  anhy- 
dride) 

NjO^  (NO3)  (Nitric  peroxide) 

N^Oj          (Nitric  anhy- 
dride) 

+  HiO 
No  acid 
+  B,0 

+  H,0 

+  H,0 

=  Hyponitrous  acid 

=  Nitrous  acid 
/  Nitrous  acid 

=  1  and 
(  Nitric  acid 

=  Nitric  acid 

(HNO) 
(HNO2) 

(HNO3) 

Nitrous  Oxide  (N2O). 

MoUcular    weight,   44.      Molecular    volume,   MZI'  "^''^^'^ 
Cjj=l)     22.      S'pecific   gravity     observed,     1-527,  calcidated 
(0-0693  x22)  1-5246.    1  Litre  weighs  (0-0896x22)  1-971  grms., 
and  100  cubic  inches  47-146  grains. 
Svnonvms  —Dephlogisticated  nitrous  air  (Priestley)  ;  nitrous  oxide 
^r^d  laughing  'gas  (Davy);  protoxide  of  nitrogen;  nitrogen  monoxide; 
hyponitroxis  anhydride. 

Hiqtorv  -Discovered  byPriestley  (1772)  when  acting  on  nitric  oxide 
with  iron  filings.  Examined  by  the  Dutch  chemists  (1793)  and  proved 
by  them  to  be  a  compound  of  nitrogen  and  oxygen.  Its  physiological 
action  was  investigated  by  Davy  (1809)  at  the  Clifton  Pulmonic  Insti- 

tution.  ,.  .       .  i„ 

Preparation.-(10  By  the  action  of  iron  filings  on  nitric  oxide 

CNO).  (Priestley.) 

r2  )  By  heating  to  470°  F.  (243°  C.)  ammonium  nitrate  (or  ammonium 

chlodde  and  dilute  nitric  acid,  Sp.  Gr.  1-2,  as  suggested  by  L.  Smith). 
(Berthollet  and  Davy.) 

NH4,N03        =    2H2O  + 
Ammonium  nitrate      =     Water      -f       Nitrous  oxide. 
N  B  -If  the  temperature  appUed  be  above  600°  F.  (260°  0.)  other  changes  occur 
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nitric  oxide  and  nitrogeu  being  evolved,  and  a  mixture  of  ammonic  nitrite  and  nitrate 
subUming.  If  ammonic  chloride  be  present,  the  N^O  will  be  mixed  with  chlorine 
(p.  90).  The  gas,  therefore,  should  be  passed  through  a  solution  of  ferrous  sulphate 
to  absorb  NO,  and  through  caustic  potash  to  free  it  from  chlorine. 

(3.)  By  the  action  of  dilute  nitric  acid  (Sp.  Gr.  1-2)  on  granulated 
zinc.  (Grotthus.) 

IOHNO3   +    Zn,  =    4(Zu2N03)  +   SH^O  +  N„0. 
Nitric  acid    +    Zinc    =      Zinc  nitrate     +    Water    +    Nitrous  oxide. 

(4.)  By  decomposing  nitric  acid  with  a  hydrochloric  acid  solution  of 
stannous  chloride. 

(5.)  By  passing  nitric  oxide  (NO)  through  a  solution  of  sulphurous 
anhydride. 

[When  the  gas  is  required  for  inhalation  it  should  be  purified  by  passing  it  first 
through  a  potash  solution  to  get  rid  of  acid  vapors,  and  then  through  a  ferrous 
sulphate  solution  to  get  rid  of  nitric  oxide.] 

Properties.— (ct.)  Sensible. — A  sweet-tasted  gas,  without  color  or 
odor. 

(/3.)  Physiological  — When  breathed  it  induces  transient  intoxication, 
with  strong  muscular  exertions  and  uncontrollable  laughter  (Laughing 
Gas).  If  the  inhalation  be  continued  it  produces  complete  antesthesia, 
brief  as  to  time,  and  supposed  harmless  as  regards  its  after  effects. 
Liquid  and  solid  nitrous  oxide  blister  the  skin  when  brought  into 
contact  with  it.    (Davy,  Roget,  Southey,  Kingslake,  Wedgwood,  etc.) 

(y.)  Physical. — In  nitrous  oxide  2  volumes  of  nitrogen  and  1  volume 
of  oxygen  are  condensed  into  2  volumes.  If  2  volumes  of  NgO  be 
heated  to  bright  redness,  it  undergoes  decomposition  and  permanently 
expands  to  3  volumes.    Thus  its  composition  is  determined  : — 


Nitrogen  N^  =  28  vols.  2  )  ,  „ 
Oxygen  0  =  16         vol.   1  ) 


It  has  a  specific  gravity  of  1-524  (calculated  l-o24)  ;  100  cubic 
inches  weigh  47'34  grains  (or  as  calculated  47-146  grains),  and  1  litre 
1-971  grms.  At  a  temperature  of  0°C.  and  30  atmospheres,  or  at  45°  F. 
(7°  C.)  and  50  atmospheres  pressure,  it  becomes  a  colourless  liquid 
(Faraday,  1823),  not  miscible  with  water,  having  a  specific  gravity 
of  0-936  at  0°  C,  and  boiling  at  —126°  F.  (—88°  C).  It  has  the 
smallest  refracting  power  of  any  known  liquid  (Faraday).  When  the 
hqmd  is  exposed  to  the  air,  its  evaporation  is  so  rapid  that  it  freezes 
Itself,  becoming  a  white  flaky  solid,  which  melts  at— 148°  F.  ( — 100° 
C).  The  liquid  may  be  solidified  to  colorless  crystals  by  the  cold 
produced  by  solid  CO2  and  ether  evaporated  in  vacuo.  Liquid  nitrous 
oxide  has  a  high  co-efficient  of  expansion,  1  volume  at  0°  C.  becoming 
1-1202  volumes  at  20°  C.  If  liquid  nitrous  oxide  be  dissolved  in  car- 
bon disulphide  and  evaporated  "  in  vacuo,"  a  temperature  of —220°  F. 
(—140°  C.)  is  produced.  Nitrous  oxide  is  decomposed  either  when 
heated  in  a  porcelain  tube  or  exposed  to  the  action  of  electric  sparks. 
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The  ga8  is  freely  soluble  in  water  ;  100  volumes  of  water  at  32°  F. 
(0°  C.)  absorb  130  volumes  ;  at  60°  F.  (15-5°  C.)  78  volumes,  and  at 
75°  F.  (24°  C.)  60  volumes  of  the  gas.  It  is  more  soluble  in  alcohol, 
ether,  and  the  volatile  oils,  than  it  is  in  water. 

(2.)  Chemical— l^itroxis  oxide  is  a  neutral  body,  without  action  on 
litmus  or  turmeric.  It  is  not  combustible,  but  supports  combustion 
almost  as  powerfully  as  oxygen,  provided  the  combustible  body  is  burn- 
ing freely.  If  the  combustion  be  feeble,  the  temperature  will  be 
insufficient  to  decompose  the  gas,  this  being  a  necessary  condition  of 
rendering  it  a  supporter  of  combustion.  In  fact  combustion  in  nitrous 
oxide  is  combustion  in  oxygen. 

Nitrous  oxide  may  be  known  from  oxygen  as  follows  : — 

(1.)  It  does  not  form  red  fumes  with  nitric  oxide. 

(2.)  It  is  very  much  more  soluble  in  water. 

(3.)  It  is  not  absorbed  by  potassic  pyrogallate. 

(4.)  If  phosphorus  or  potassium  be  burnt  in  it,  the  volume  of  residual 
gas  (nitrogen)  is  identical  with  that  of  the  original  gas  ;  for — 


N 

N 

+ 

0 

No  1  0 

whereas  this  is  not  the  case  when  phosphorus  or  potassium  is  burnt  in 
oxygen. 

With  hydrogen,  nitrous  oxide  explodes  volume  for  volume — 


Ngl  0 

+ 

H  i  H 

He 

0 

+ 

N 

N 

In  this  manner  the  composition  of  the  gas  may  be  proved,  and  its 
quantity  in  mixture  estimated. 

On  the  metals,  nitrous  oxide  has  no  action  in  the  cold,  but  zinc,  iron, 
and  the  alkaline  metals  when  heated,  burn  in  it  freely.  It  will  be 
noted  that  the  bulk  of  nitrogen  remaining  when  combustion  is  com- 
plete will  be  equal  to  the  bulk  of  the  gas  originally  employed.  If 
potassium  or  sodium  be  burnt  in  the  gas  the  metals  become  oxidized,  the 
peroxides  so  formed  becoming  nitrates,  when  more  strongly  heated  in 
the  gas. 

Uses. — 111  medicine  it  is  used  as  an  anaesthetic.  It  is  most  important 
that  the  gas  for  this  purpose  should  be  rendered  pure  by  being  well 
washed  in  potassic  hydrate  and  ferrous  sulphate  solutions. 

In  the  laboratory  the  intense  cold  produced  by  the  action  of  carbon 
disulphide  on  its  solid  or  liquid  form  is  valuable  in  research. 

Hyponitrous  Acid  (HNO  =  31). 

This  acid  has  never  been  isolated.  If,  however,  an  alkaline  nitrate 
be  treated  with  sodium  amalgam,  a  nitrite  is  first  formed  (NaNOa)* 
which  undergoes  further  reduction  to  the  state  of  hyponitrite  (NaNO) :— 
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NaNOa  +  2JI„  =  NaNO  +  2I-I2O. 
Sodium  +  Hydrogen  =  Sodiiim  +  Water, 
nitrate  hyponitrite 

On  neutralizing  the  alkaline  solution  with  acetic  acid,  and  adding 
argentic  nitrate,  the  yellow  argentic  hyponitrite  (AgNO)  is  precipitated. 
The  sodic  hyponitrite  solution,  when  heated  with  acetic  acid,  gives 
off  nitrous  oxide  (2HN0=N„0+  H„0),  (Divers,  Proc.  Royal  Society, 
1871.) 

Nitric  Oxide  (NO). 

Molecular  loeight,  30,  Molecular  volume  \  |  |,  Relative  weight, 
(H=l),  15.  Specific  gravity,  1-039.  100  cubic  inches  weigh 
32-145  ^rs.,  and  1  litre  (0-0896  x  15)  1-34:4  ^ms. 

^jnoJlYms,— Nitrous  air  (Priestley)  ;  Binoxide  and  Deutoxide  of 
Nitrogen;  Nitrogen  Dioxide;  Azotyl,  Nitrosyl.  Gas  sylvestre  (Van 
Helmont). 

Preparation.— (1.)  By  the  action  of  dilute  nitric  acid  (Sp.  Gr.  1-2) 
on  copper  (with  or  without  heat).  [Other  metals,  such  as  lead,  mercury, 
silver,  bismuth,  etc.,  and  also  phosphorus  and  other  easily  oxidizable 
I  bodies,  may  be  used,  but  in  these  cases  a  stronger  acid  is  required]. 

3Cu    +    8HNO3   =  3Cu(N03)2  +  4H„0  +  2N0. 
Copper    -f    Nitric  acid  =  Cupric  nitrate    +    Water    +    Nitric  oxide. 

To  obtain  pure  nitric  oxide,  pass  the  gas  through  a  cold  concen- 
I  trated   solution    of   ferrous    sulphate.     This    absorbs    it,  forming 
4FeS04, 2N0.  When  this  solution  is  heated,  pure  nitric  oxide  is  evolved. 
(2)  By  decomposing  nitre  with  ferrous  chloride  or  with  ferrous 
^  sulphate  in  their  respective  acid  solutions  : — 

(a.)  6FeCl2+  8HC1  +  2KNO3  =  3Fe2Cl6  +4H„0+2KC1  +2N0. 
Ferrous  +  Hydro-  +  Potassic  =  Ferric  +  Water  +Pota8sic  +  Nitric 
chloride  cUoiic  acid      nitrate          chloride  chloride  oxide. 

.3.)  6FeS04  +  5H2S04+2KN03=3(Fe23S04)+  2HKSO4+4H0O  +  2NO 
Ferrous  +  Sulphuric  +  Potassic  =  Ferric  +  Hydric  +  Water +Nitiio 
sulphate         acid         nitrate  sulphate  potassic  oxide 

sulphate 

(3.)  By  passing  ammonia  gas  over  heated  manganese  dioxide: — 

5Mn02        +  2NH3  =       5MnO        +3H2O+  2N0. 
Manganese  dioxide  +  Ammonia  =  Manganous  oxide  +  Water  +  Nitric  oxide. 

Properties. — (a.)  Sensible  and  Physiological.  —  A  colorless  gas, 
Jiaving  a  strong  and  disagreeable  odor.  It  produces  violent  irritation 
when  breathed  (Davy).  It  destroys  life  if  respired  for  more  than  a 
few  seconds. 

03.)  Physical. — Nitric  oxide  consists  of  equal  volumes  of  nitrogen 
and  oxygen  united  without  condensation, 
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Its  specific  gravity,  both  by  experiment  and  by  calculation  (15  x 

0-  0693),  is  1-039.    100  cubic  inches  weigh  32-145  grains,  and  1  Utre 

1-  344  grms.  It  is  the  most  stable  of  all  the  nitrogen  oxides,  and  is 
consequently  that  oxide  most  commonly  formed  by  the  decomposition 
of  other  oxides.  For  neither  a  red  heat  (nor,  indeed,  any  heat  short 
of  a  white  heat)  nor  electric  sparks  decompose  it  when  the  gas  is  quit3 
dry,  although  in  the  presence  of  moisture  both  heat  and  electricity 
decompose  it.  100  volumes  of  water  dissolve  5  volumes  of  the  gas,, 
and  100  volumes  of  alcohol  27-4  volumes. 

(y.)  Chemical. — The  composition  of  nitric  oxide  is  proved  by  heating 
potassium  in  a  known  volume  of  the  gas  over  mercury.  The  residual 
gas  will  be  found  to  be  one-half  the  volume  of  the  original  gas,  and 
to  consist  of  pure  nitrogen. 

Provided  no  free  oxygen  be  present,  nitric  oxide  is  neutral  both  to 
litmus  and  turmeric.  It  neither  burns  nor  supports  combustion,  unless 
the  combustible  body,  when  introduced,  be  burning  sufficiently  ener> 
getically  to  effect  its  decomposition.  Under  such  circumstances  both 
carbon  and  phosphorus  burn  in  it  freely,  the  former  leaving  a  mixture 
of  nitrogen  and  carbonic  anhydride,  and  the  latter  pure  nitrogen,  as 
the  gaseous  products  of  their  combustion. 

The  special  characteristic  of  nitric  oxide  is  its  affinity  for  oxygen. 
The  red  fumes  of  nitrous  anhydride  (N2O3)  and  nitric  peroxide 
(N2O4),  formed  by  its  combination  with  oxygen,  distinguish  it  from, 
all  other  gases.  The  relative  proportion  of  these  two  gases  (NgO,^ 
and  N2O4)  formed  when  nitric  oxide  is  mixed  with  oxygen  varies, 
and  inasmuch  as  they  have  different  solubilities,  it  is  not  possible 
to  estimate  the  oxygen  accurately  in  any  mixture  by  this  means. 
Nitric  oxide  has  no  action  on  hydrogen  at  ordinary  temperatures. 
A  mixture  of  equal  volumes  of  hydrogen  and  nitric  oxide  burns  with 
a  green  flame,  whereas  the  mixture  in  like  proportion  of  hydrogen 
and  nitrous  oxide  explodes.  When,  however,  a  mixture  of  nitric  oxide 
and  hydrogen  is  passed  over  heated  platinum  black,  ammonia  is  formed 
(2N0  +  5H2=2NH3  +  2H2O).  Mixed  with  the  vapour  of  carbon 
disulphide,  it  burns  with  an  intensely  blue  light  of  great  chemical 
activity. 

Phosphorus  and  potassium  (but  not  sodium),  when  heated,  burn  in 
the  gas.  It  is  also  decomposed  in  the  presence  of  moisture  by  red-hot 
iron  and  tin,  the  residual  gas  (nitrogen)  constituting  in  each  case  one- 
half  the  volume  of  the  original  gas.  Moist  iron  and  moist  zinc  slowly 
decompose  it,  nitrous  oxide  (NgO)  being  formed. 

Solutions  of  ferrous  and  chromoiis  salts  absorb  it  freely,  forming 
a  dark  olive-brown  compound,  consisting  of  four  parts  of  a  ferrous 
(or  chromous)  salt  with  two  parts  of  nitrous  oxide  (4FeS04,2NO) 
(Peligot).  These  solutions  absorb  oxygen  freely,  and,  when  heated, 
evolve  their  nitric  oxide  unchanged. 
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Other  metallic  salts  (such  as  stannous  and  mercurous  salts)  also 
absorb  the  gas,  but  with  mutual  decomposition.  They  cannot  there- 
fore, as  in  the  case  of  ferrous  and  chromous  salts,  yield  the  nitric 
•oxide  after  absorption  in  an  unchanged  state. 

"When  nitric  oxide  is  passed  into  an  alkaline  solution  of  a  sulphite, 
an  alkaline  salt  of  dinitroso-sulphonic  acid  (112803(^0)2)  is  formed. 
The  free  acid  has  not  been  prepared,  the  salts  undergoing  decomposi- 
:tion  into  sulphates  and  nitrous  oxide  (K2S03(NO)2  =  K2SO4  +  N2O). 

The  gas  is  absorbed  by  nitric  acid,  a  red,  green,  or  blue  solution 
(according  to  the  dilution  of  the  acid)  resulting.  Probably  in  these 
•cases  a  higher  nitrogen  oxide  (N2O4)  is  formed. 

Nitric  oxide  has  a  basylous  character,  and,  like  the  alkaline  metals, 
is  capable  of  replacing  hydrogen  in  many  compounds.  Thus,  like 
:Sodium,  it  will  replace  one  of  the  hydrogens  of  alcohol: — 

C2H5(OH);    —    C2H5(ONa);    —  C2H5(0(NO)). 
Alcohol         —      Sodic  ethylate      —       Nitrous  ether. 

The  compounds  NO  CI  and  NOCL  may  be  regarded  as  chlorides  of 
nitric  oxide.    (See  page  147.)  ■ 

It  is  used  as  a  test  for  the  presence  of  free  oxygen. 

Nitrous  Anhydride  (N2O3). 

Molecular   weight  (probable)  76.     Molecular  volume,  probable  j    |  j. 
Specific  gravity  (theoretic)  2"63. 

Synonyms.— -^^tirows  add  (Davy,  Graham,  Gmelin,  Berzelius, 
Jiiiller)  ;  Pernitrous  acid  (Gay  Lussac)  ;  Hyj)onitrous  acid  (Turner, 
Brande,  and  Liebig);  iVz7ro?iS  oxide  (Watts);  Nitric  trioxide  (Roscoe); 
JSfitrogen  trioxide  (Fownes,  Eoscoe), 

Preparation.— (1.)  By  mixing  four  volumes  of  dry  nitric  oxide 
with  one  volume  of  dry  oxygen,  and  cooling  the  mixture  to  0°  F 
•(-18°  C),  (2NO  +  0=N203). 

(2.)  By  the  action  of  arsenious  anhydride  upon  nitric  acid  : — 

AS2O3        +  2HN03=  A82O5  H2O+  N2O3 

Aisenious  anhydride+Nitric  acid=  Ai-senic  anhydride  +  "Water+Nitrous  anhydride 

(3.)  By  the  action  of  strong  nitric  acid  on  silver  : — 

6HNO3   +  2Ag2  =      4AgN03      +  SHoO  +  N2O3. 
Nitric  acid    +    Silver   =    Argentic  nitrate    +    Water    +    Nitrous  anhydride. 

(4.)  By  heating  one  part  of  starch,  sugar,  or  other  easily  oxidizable 
body,  with  eight  parts  of  nitric  acid  (1-2  specific  gravity). 

Properties. —  (a.)  Sensible  and  Physical. — A  deep  red  gas,  condensing 
at  0  F.  ( — 17-8°  C.)  to  a  blue  liquid,  which  evolves  red  fumes  even  at 
28-4° F.  (—2°  C).  The  liquid  at  14*0°  F.  (—10°  C.)  becomes  of  a  deep 
indigo  color. 
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(3 )  Chemical  —  Nitrous  anhydride  combines  with  sulphurous 
anhydride  to  fonn  the  white  flakes  of  the  oil  of  vitriol  leaden 
chamber  (2SO,  +  N2O0.  The  gas  is  soluble  in  nitric  acid,  forming  a 
coloured  solution.  By  the  action  of  a  little  ice  cold  water  on  the  gas, 
nitrous  acid  is  formed,  the  liquid  becoming  blue  (N„03  +  H20=2HNOo). 
On  the  addition  of  an  excess  of  water  even  at  ordinary  te?nperatures,  it  .s 
decomposed  iuto  nitric  acid  and  nitric  oxide  (3N„03+H20=2HN03 
+  4NO2). 

Nitrous  Acid  (HNOo). 

Molecular  weight,  47. 

Preparation.— (1.)  By  mixing  a  little  ice  cold  water  with  nitrous 
anhydride — 

N2O3  +  =  2HNO2. 

Nitrous  anhydride       +      Water      =      Nitrous  acid. 

(2.)  By  the  oxidation  of  ammonia  ;  as,  e.g.,  by  placing  a  red-hot 
platinum  wire  in  a  mixture  of  air  and  ammonia  gas,  or  by  shaking  up 
a  feAV  drops  of  ammonia  solution  with  metallic  copper  in  a  bottle  con- 
taining air.  (Schonbein.) 

Properties— Nitrous  acid  is  an  ill-defined  and  unstable  compound. 
It  forms  salts"  called  nitrites  which  are  stable.  Of  these  salts,  as  of 
the  acid  itself,  our  knowledge  is  imperfect.  Potassic  nitrite  (KNOg)  is 
obtained  by  heating  potassic  nitrate  (KNO3)  so  as  to  drive  off  some  of 
its  oxygen.  Nitrous  acid  imparts  the  red  colour  to  nitric  acid  that  it 
acquires  on  exposure  to  light.  It  is  decomposed  by  water  into  mtric 
acid  and  nitric  oxide  (3HNOo=HN03  +  2NO  +  H„0). 

The  acid,  as  well  as  acidulated  solutions  of  the  nitrites,  act  both  as 
reducing  and  as  oxidizing  agents,  thus — 

(a.)  As  an  oxidizing  agent  (4HNO,=4NO  +  2H20  +  02)  the  acid 
decolorizes  indigo,  converts  ferrous  into  ferric  salts,  oxidizes  iodides, 
and  liberates  iodine  from  potassic  iodide. 

(/3.)  As  a  reducing  agent  (2HN02+02=2HN03)  its  action  may 
be  seen  in  its  effect  on  permanganates  and  chroraates,  and  also  m 
setting  free  metallic  gold  and  mercury  from  their  combinations. 

Nitric  Peroxide  (N2O4  and  at  high  temperatures,  NOo). 
Molecular  weight,   46   and  92  ;   Molecidar  volume,  \    \    |.  Specific 
gravity  at  309-2° F.  (154°  C.)=l-58.  1  litre  weighs  (0-0896  x  23)  = 
2-06  grms.,  or  (0-0896  x  46) =4- 12  grms. 

^jaonvm^.— Nitrous  acid  (Turner,  Brande,  etc.)  ;  Hyponitric  acid 
(Gmelin)  ;  Nitrous  gas  (Berzelius)  ;  Peroxide  of  nitrogen  (Graham, 
Odling,  etc.)  ;  Pernitric  oxide ;  Nitrogen  tetroxide  (Roscoe)  ;  Nitryl 
(because  of  its  basylous  action  ;  thus  allying  it  to  hydroxyl). 
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History —First  obtained  by  mixing  together  nitric  oxide  and 
oxygen.  (Davy.) 

Preparation. —  (l-)  By  submitting  a  mixture  of  two  parts  of  nitric 
oxide  and  one  part  of  oxygen  to  a  freezing  mixture.  (Peligot.) 

(2.)  By  heating  very  dry  phimbic  nitrate.  (The  N2O4  thus  pro'- 
duced  is  mixed  with  one-fourth  its  volume  of  oxygen.) 

2(Pb2N03)    =       2PbO       +       2N,04       +  O2. 
Phimbic  Nitrate    =    Plumbic  oxide    +    Nitric  peroxide    +  Oxygen. 

(3.)  By  the  action  of  tin  on  nitric  acid  : — 

Sn5   +  2OHNO3  =    Sn50io,5H20   +  oH^O  +  lON^O^. 
Tin    +    Nitric  acid    =    Metastannic  acid    -f-    "Water  +  Nitric  peroxide. 

(4.)  By  heating  to  104-0°  F.  (40°  C.)  a  mixture  of  nitrosyl  chloride 
and  argentic  nitrite  : — (Exner.) 

_  NOoCl       +       AgNOo      =         AgCl         +  N2O4 
Nitrosyl  chloride  +    Argentic  nitrite    =    Argentic  chloride    +  Nitric  peroxide. 

(^0  By  gently  heating  a  mixture  of  nitric  acid  (1*39)  and  arsenious 
acid  and  condensing  the  gaseous  NoOg  and  l^oO^  evolved.  A  current 
of  oxygen  must  be  passed  through  the  liquid  to  convert  the  NgOa 
into  N2O4.  (Hassenbach.) 

AS2O3     +  4HNO3  =     AS2O5    +     2H2O    +  2N2O4 
Arsenious     +     Nitric     =     Arsenic     +     "Water     +  Nitric 
anhydride  acid  anhydride  peroxide. 

Properties. — («•)  Sensible  and  Physiological. — A  brownish  red  gas, 
very  irritating  when  inhaled.    It  stains  the  skin  a  yellow  colour. 

(/3.)  Physical. — Its  relative  weight  {i.e.,  its  weight  compared  with 
hydrogen  at  the  same  temperature)  diminishes  with  a  rise  of  tem- 
perature. At  low  temperatures  its  density  is  46  {i.e.,  it  is  46  times  as 
heavy  as  hydrogen),  the  molecule  being  represented  by  N2O4,  whilst  at 
309-2°  F.  (154°  C.)  this  molecule  of  N2O4  is  spht  up  (dissociated)  into 
two  molecules  of  NO2,  with  a  density  of  23. 

Actual  experiments  give  the  following  results  (Deville  and  Troos)  : — 

At  80-0°  F.  (  26-7°  C.)  Specific  Gravity  2-65. 

„  140-3°  F.  (  60-2°  C.)  „  2-08. 

„  1770-O  F.  (  80-6°  C.)  „  1-80. 

„  212-1°  F.  (100-1°  C.)  „  1-68. 

„  309-2°  F.  (154-0°  C.)  ,,  1-58. 

„  361-         (183-2°  C.)  „  1-67. 

Thus  it  would  seem  that  the  molecule  of  nitric  peroxide  is  differently 
constituted  at  different  temperatures,  the  N2O4  being  completely  dis- 
sociated above  154°  C. 

The  absorption  spectrum  of  nitric  peroxide  is  characteristic. 

Acfion  of  heat.—WhQu  the  gas  is  perfectly  dry,  a  cold  of  0°  F. 
( — 17-8°  C.)  condenses  it  into  colorless,  transparent,  prismatic  crystals. 
These  crystals  melt  at  14°  F.  (—10°  C),  forming  a  colorless  and 
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corrosive  liquid,  which  gradually  changes  to  a  green  liquid  as  the 
temperature  rises  to  71 '6°  F.  (22-6°  C),  when  it  boils. 

The  liquid  has  a  specific  gravity  of  1'451.    It  cannot  be  solidified 
a  second  time  at  a  temperature  above  — 22°  F.  ( — 30°  C). 

By  the  action  of  heat,  the  vapor  becomes  gradually  darker  until  at 
104°  F.  (40°  C.)  it  is  almost  black.  It  is  decomposed  by  electric 
sparks,  and  by  a  temperature  above  red  heat.  The  action  of  water 
upon  it  will  be  studied  under  its  chemical  properties. 

(y.)  Chemical. — Its  composition  may  be  determined  by  passing  the 
vapor  of  a  known  weight  of  the  gas  over  a  weighed  quantity  of  red 
hot  copper.  The  increase  in  the  weight  of  the  copper  gives  the  oxygen, 
the  residual  gas  being  nitrogen  mixed  with  a  little  nitric  oxide  which 
must  be  estimated. 

Nitric  peroxide  reddens  litmus.   It  was  long  considered  an  anhydi'ide, 
but  it  always  forms  with  bases,  a  mixture  of  a  nitrite  and  nitrate. 

It  does  not  support  the  combustion  of  bodies  unless  they  be  burning 
energetically  when  introduced.  Chlorine  combines  with  it  indirectly 
but  not  directly,  to  form  an  oily  liquid  called  chloride  of  nitryl 
(NOeCl). 

When  a  mixture  of  nitric  peroxide  and  hydrogen  is  passed  over 
spongy  platinum,  the  nitric  peroxide  is  decomposed  with  elevation  of 
temperature,  water  and  ammonia  being  formed  (!N'204+7H2=2NH3  + 
4H2O).  When  a  mixture  of  sulphuretted  hydrogen  with  the  gas  is 
similarly  treated,  water  and  ammonia  are  formed,  and  sulphur  pre- 
cipitated (N2O4 + 7  H2S  =2NH3  +  4H2O  +  7  S) . 

Its  action  on  water  is  remarkable.  If  a  trace  of  moisture  be  present 
when  the  gas  is  subjected  to  the  freezing  mixture,  it  forms  a 
green  liquid,  having  the  probable  formula  of  (NgOsjNoOsjHjO). 
This  green  liquid  becomes  yellow  at  14°  F.  (10°  C),  and  red  at 
ordinary  temperatures.  It  freezes  at  —40°  F.  (—40°  C),  and  boils  at 
82°  F.  (28°  C.)  Like  liquid  nitric  peroxide,  it  freely  evolves  red 
fumes  at  ordinary  temperatures.  But  if  a  very  little  ice  cold  water  be 
added  to  the  Hquid  nitric  peroxide  at  0°  F.  (-17-8°  C),  two  liquid 
layers  are  immediately  formed,  the  U2')per  layer  being  the  least  coloured, 
consisting  of  nitric  acid,  and  the  lower  layer,  the  most  coloured, 
consisting  of  nitrous  acid  and  nitrous  anhydride : — 

3N2O4      +  2H20=  3HNO3  +    HNOo    +  N2O3 
Nitric  peroxide  +  Water  =  Nitric  acid  +  Nitrous  acid  +  Nitrous  anhydride. 

If  at  this  low  temperature  more  water  be  added  to  the  liquid,  nothiug 

but  nitrous  and  nitric  acids  remain  : — 

N2O4  +       H2O     =      HNO3      ■+  HNO2 

Nitric  peroxide      +      Water     =     Nitric  acid      +      Nitrous  acid. 

If  water  be  added  to  the  liquid  peroxide  at  ordinary  tejnperatures^  the 
solution  passes  through  various  shades  of  color,  viz.,  orange,  yellow, 
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green,  and  blue,  finally  becoming  colorless,  an  escape  of  nitric  oxide 
taking  place  all  the  time  : — 


+     2H2O    =     4HNO3       +  NoOg. 
Nitno  peroxide     +      Water     =     Nitric  acid       +       Nitric  oxide. 


Thus,  it  would  seem  that  a  variety  of  decompositions  may  be  effected, 
according  (a)  to  the  proportion  of  water  mixed  with  the  nitric  peroxide, 
and  (/3)  the  temperature  of  the  water  added,  but  that  in  every  case 
nitric  acid  is  formed.    These  reactions  may  be  thus  tabulated— 


^iN^O,  +  H,0 

:  2HN0a 

+     N.O^  + 

2N,03 

Nitric  acid 

Nitric 

Nitrous 

Cold  of  0°F.  {-17-4:°  G.)< 

'sNjO,  +2H2O 

anhydride 

anhydride 

=  3HNO3 

+     HNO2  + 

N,03 

Nitric  acid 

Nitrous  acid 

Nitrous 

3NjO^  +3H2O 

anhydride 

=  3HNO3 

+  3HN0a 

Nitric  acid 

Nitrous  acid 

Ordinary  temperatw-e 

SN^O,  H-2HjO 

=  4HNO3 

+  N,0, 

Nitric  acid 

Nitric  oxide 

Action  of  Acids. — Sulphuric  acid  absorbs  the  gas,  forming  a  crystal- 
Ime  compound,  nitro-sulphonic  acid  (SOgNOgHO),  which  by  the  action 
of  water  is  resolved  into  sulphuric  acid,  nitric  oxide,  and  nitric  peroxide. 
Heated  with  liquid  sulphurous  acid  in  sealed  tubes,  nitric  peroxide 
forms  the  crystalline  compound  (S2052N02  =  dinitryl  of  disulphuric 
acid,  or  the  anhydride  of  nitro-sulphonic  acid).  Nitric  acid  dissolves  it, 
and  forms  the  deep  red,  green,  and  blue  liquids,  known  in  commerce  as 
"  nitric  acid  fortissimus."  The  color  of  these  liquids  is  destroyed  by 
dilution.  Hydrochloric  acid  forms  with  it  several  chlorinated  com- 
pounds. 

Action  on  the  Metals  and  their  Compounds. — Most  metals  are  oxidized 
by  it.  Potassium  takes  fire  in  it  spontaneously.  Iron  decomposes  it 
at  a  red  heat,  evolving  nitrogen.  Potassium,  lead,  mercury,  etc.,  form 
a  nitrate  with  the  liquid  peroxide,  nitric  oxide  being  expelled  (2N2O4  + 
K2=2KN03  +  N202).  With  metallic  oxides  and  hydrates  a  nitrate  and 
a  nitrite  of  the  metal  are  formed  : — 

N2O4     -t-      2HK0     =      KNO3     +     KNOo     -t-  H2O. 
Nitnc  peroxide  +  Potassic  hydrate  =  Potassic  nitrate  +  Potassic  nitrite  +  Water. 

With  potassic  sulphocyanide  (like  ferric  salts)  nitric  peroxide 
gives  a  red  color,  the  solution,  however  (unlike  the  ferric  reaction) 
rapidly  losing  its  color.  This  reaction  distinguishes  peroxide  of 
nitrogen  from  nitrous  acid. 

^  Action  of  Organic  Bodies. — In  some  cases  nitric  peroxide  combines 
directly  with  the  organic  body;  thus  C5H10  {Amy lone) +  ^^^0^= 
CsHio,N204.  In  other  cases  it  replaces  hydrogen,  forming  nitro  com- 
pounds which  are  often  explosive.    They  are  produced  by  the  direct 
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action  of  fuming  nitric  acid  (mixed  with  sulphuric  acid  in  order 
to  increase  its  strength)  on  the  organic  body.  The  following  are 
illustrations  : — 


Nitro  Compounds. 


Benzole  CgHg 

forms 

CgH,(NO,) 

Nitro-benzole. 

» 

CgH,2(N0,) 

Dinitro-tenzole. 

Napthalene  G^gR^ 

>> 

C.oH,(NO,) 

Nitro-naphthalene. 

Glycerine  CgHgOg 

) ) 

C3H53(NOj)03 

Nitro-glycerine. 

Mannite  CgH,40g 

) ) 

Nitro-mannite. 

Cellulose  CgHioO,, 

>> 

CgH«2(N0,)0, 

Nitro-cellulose. 

Starch  C^^'S^O^Q 

>> 

C.,H,9(NO,)0,o 

Xyloidin. 

General  Eemarks  on  the  Oxides  of  Nitrogen. 

Before  we  proceed  to  examine  the  next  oxide  of  nitrogen,  it  is  well 
that  we  should  generalise  on  certain  facts  relative  to  the  oxides  of 
nitrogen  thus  far  investigated.    Note,  then — 

(1.)  That  the  proportions  of  oxygen  in  the  series  advance  in  a 
regularly  ascending  order — NoO,  NjOo,  N2O3,  N2O4. 

(2.)  That  the  names  of  the  oxides  are  very  confusing. 

(3.)  That  they  have  all  been  discovered  since  the  time  of  Priestley 
(1776).  ^  f 

(4.)  That  none  of  them  occur  free  in  nature,  and  that  only  one  (viz., 
N2O3  as  nitrites)  has  even  been  found  in  a  combined  state. 

(0.)  That  they  may  all  be  prepared  by  the  deoxidation  and  de- 
hydration of  nitric  acid,  and  that  two  of  them  (viz.,  N2O3  and  N2O4) 
may  be  prepared  by  the  oxidation  of  NO. 

This  may  be  shown  thus  : — 

2  HNO3  -  HoO  -  O  =No04  Nitric  peroxide. 
2  HNO3  -H2O  -O2  =N203  Nitrous  anhydride. 
2  HNO3  -  HgO  -  O3  =^202  Nitric  oxide. 
2  HNO3  -  H2O  -  O4  =N20  Nitrous  oxide. 

We  may  thus  summarise  the  preparation  of  the  nitrogen  oxides  : — 
(i.)  N2O4  is  prepared  by  the  action  of  tin  on  nitric  acid : — 

2OHNO3  +  Sn5=  SnsOio,  5H2O  +  5H2O  +  ION2O4. 
(ii.)  N2O3  is  prepared  by  the  action  of  silver  on  nitric  acid : — 

6HNO3  +  2Ag2=4AgN03  +  3H2O  +  N2O3. 
(iii.)  NO  is  prepared  by  the  action  of  coj^j^er  on  nitric  acid  (Specific 
Gravity  1-25)  :— 

8HNO3  +  3Cu=3CuN206+ 4H2O  +  2N0. 

(iv.)  N2O  is  prepared  by  the  action  of  zinc  on  nitric  acid  :— 
10HNO3  +  4Zn=4ZnN2O6+5H2O  +  N2O. 
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(6.)  That  at  common  temperatures  they  are  all  gases,  the  first  two 
of  the  series  (viz.,  NgO  and  NO)  being  colorless,  and  the  last  two  red. 
One  (viz.,  NoO)  is  i-espirable,  and  the  others  are  irrespirable. 

(7.)  That  in  NoO^  the  molecule  is  differently  constituted  at  different 
temperatures. 

(8.)  That  at  high  temperatures  they  may  all  be  decomposed,  when 
combustible  bodies  burn  in  them. 

(9.)  Action  of  Metals. — They  are  all  decomposed  by  the  alkaline 
-  metals,  and  also  by  metallic  iron  and  zinc  when  heated  in  contact  with 
them. 

(10.)  Action  of  Water,— The  first  two  (NoO  and  NO)  of  the  series 
are  soluble  in  water,  whilst  the  remaining  two  (viz.,  NoOg  and  N2O4) 
are  decomposed  by  water  into  nitric  acid  and  other  nitrogen  oxides. 

(11.)  Action  of  Acids. — Sulphuric  acid  is  without  action  npon  them. 
Sulphuric  anhydride  unites  with  N2O3  and  N2O4  to  form  the  white 
flakes  of  the  oil  of  vitriol  leaden  chamber.    Nitric  acid  forms  dark 
'  colored  liquids  with  NO,  N2O3,  and  N2O4. 

(12.)  Two  of  them  (viz.,  NO  and  N2O4)  are  basylous  in  character, 
I  either  (a)  combining  with  chlorine  to  form  chlorides  (as  e.g.  NO),  or 
(jS)  displacing  hydrogen  in  organic  compounds  (as  e.g.  NO2). 

(13.)  Nitrous  oxide  is  employed  as  an  anaesthetic,  but  the  other 
1  members  of  the  series  have  little  use  other  than  the  part  they  play 
i  in  the  manufacture  of  oil  of  vitriol. 

(14.)  That  they  all  (like  ozone)  set  iodine  free  from  potassic  iodide. 


.  Molecidar  vjeight  {j)robable)  108.    Molecular  volume  {i^robahle)  \    \  \. 
Melts  at  85°  F.  (29-5°  C).    Boils  at  113°  F.  (45°  C). 

Synonyms. — Nitrogen  pentoxide — Dinitric  pentoxide. 
History. — First  prepared  by  Deville  in  1848. 

Preparation. — (l.)  By  passing  very  dry  chlorine  over  hot  argentic 
t  nitrate.  (Deville.)    {Ann.  Chim.  Phys.,  1850  [3],  xxviii.,  241.) 

4AgN03      +      2CI2     =      4AgCl      +      2N2O5     +  O2 
Argentic        +     Chlorine     =      Argentic       +       Nitric        +  Oxygen. 
Di'rate  chloride  anhydride 

The  silver  salt  must  be  first  heated  to  about  200°  F.  (93-5°  C.)  and 
I  afterwards  kept  at  150°  F.  (65-6°  C.)  The  products  are  to  be 
condensed  in  a  cold  receiver. 

(2.)  By  passing  the  vapor  of  chloride  of  nitrosyl  over  argentic 
:  nitrate  heated  to  140"  F.  (60°  C).    (Odet  and  Vignon.) 

NOjCl  +      AgNOg     =       AgCl       +  N2O5. 

Chloride  of  nitrosyl  +  Argentic  nitrate  =  Argentic  chloride  4  Nitric  anhydride, 

(3.)  By  dehydrating  nitric  acid  with  phosphoric   anhydride,  the 
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mixture  being  afterwards  cooled  to  0°  C.  and  distilled.    (Weber  and 
Berthelot.) 

6HNO3  +  P2O5  =      2H3PO4     +  3N2O5. 

Nitric  acid  +  Phosphoric  anhydride  =  Phosphoric  acid  +  Nitric  anhydride. 

Properties. — A  colorless  volatile  solid  (density  1-64),  crystallising 
in  iboinbic  or  six-sided  prisms.  It  turns  yellow  when  heated  to 
248°  F.  (120°  C).  It  melts  at  85^  F.  (29-5°  C),  and  boils  at  113°  F. 
(45°  C.)  It  is  a  very  unstable  body,  and  is  decomposed  by  a  heat  of 
122°  F.  (50°  C),  or  by  exposure  to  direct  sunlight.  Sometimes 
it  explodes  spontaneously.  It  volatilizes  unchanged  in  dry  air,  whilst 
in  moist  air  it  deliquesces  with  the  formation  of  nitric  acid.  It  unites 
energetically  with  water  to  form  nitric  acid,  the  combination  being 
attended  by  great  elevation  of  temperature.  A  crystalline  hydrate 
(N2O5,  2HNO3,  specific  gravity  1-642)  is  formed  by  dissolving  N2O5 
in  strong  nitric  acid.  With  sulphur  it  forms  Avhite  vapours  of  nitro- 
sulphuric  anhydride  (S205(N02)2)' 

Nitric  Acid  (HNO.3  =  63). 

Molecular  weight,  63.  Molecular  volume,  \  \  \.  1  litre  of  nitric  acid 
vapor  weighs  31-5  criths  (0*0896  x  31'5)  =  2-821  grms.,  and 
100  cubic  inches  68-00  grains. 

Synonyms. — A.qua  Fortis  (Alchymists) ;  Solutive  Water  (Geber)  ; 
Spirit  of  Nitre  [Spiritus  nitri  fumans  Glauberi']  (Glauber)  ;  Hydric 
Nitrate;  Hydrogen  Nitrate  (Watts  in  Fownes). 

History. — ^Nitric  acid  was  known  to  the  alchymists  at  a  very  early 
period.  Mayow  (1669)  regarded  it  as  a  compound  of  a  fiery  element 
derived  from  the  air  with  an  earthy  component.  Lavoisier  (1776) 
proved  oxygen  to  be  one  of  its  constituents.  Priestley  (1777)  noticed 
its  formation  when  electrical  sparks  were  passed  through  air.  Caven- 
dish (1785)  remarked  on  the  acidity  of  the  product  formed  when 
hydrogen  was  burnt  in  air,  which  acidity  he  considered  due  to  the 
presence  of  nitric  acid.  He  also  remarked  on  the  formation  of  nitre 
when  electrical  discharges  were  passed  through  a  mixture  of  nitrogen 
and  oxygen  standing  over  soap-lees  (caustic  potash).  {Phil.  Trans., 
1785,  p.  379.)  Thus  its  composition  Avas  determined.  Davy,  Gay 
Lussac,  and  Thompson  determined  the  proportions  in  which  nitrogen 
and  oxygen  were  present  in  the  acid. 

Natural  History. — («•)  the  mineral  Icingdom,  it  is  found  as  nitre; 
soda  or  cubic  nitre  (NaNOj)  being  obtained  from  Chili,  and  potash  or 
prismatic  nitre  (KNO3)  from  India.  These  are  formed  by  tlie  rapid 
oxidation  of  organic  nitrogenized  bodies,  such  as  the  urea  of  urine,  etc., 
under  the  influence  of  a  tropical  heat,  and  in  the  presence  of  soils 
rich  in  alkalies.    It  is  also  found  as  nitrates  in  many  well  waters, 
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produced  by  the  oxidation  of  nitrogenized  matters  as  they  percolate 
iu  solution  through  the  soil.     Nitrate  of   ammonia,  moreover,  is 
found  in  rain  water,   atmospheric  electricity  effecting  the  combi- 
nation of  the  nitrogen  and  oxygen,  the  nitric  acid  formed  in  the  pre- 
ticnce  of  moisture  combining  with  ammonia.    Nitrate  of  lime  (Ca2N03) 
is  often  found  as  an  efflorescence  on  the  walls  of  cellars,  stables,  etc. 
(b.)  In  the  vegetable  kingdom,  nitric  acid  is  not  found  in  the  recent 
juices  of  plants,  but  it  occurs  in  dried  leaves  {e.g.,  in  those  of  tobacco), 
.  arising  from  the  decomposition  of  the  alkaloids  and  the  oxidation  of 
their  nitrogen,    (c.)  In  the  animal  kingdom,  it  is  not  a  common  con- 
stituent except  in  the  urine  after  the  administration  of  ammonia. 
Preparation. — (l.)  By  the  direct  union  of  oxygen  and  nitrogen, 
(a.)  By  the  passage  of  the  sparks  fi-om  an  induction  coil  through  air 
(particularly  if  compressed),  or  through  a  mixture  of  two  volumes 
of  nitrogen  and  five  volumes  of  oxygen.    Red  fumes  of  NgO^  are 
rapidly  formed  (recognisable  by  starch  and  iodide  paper),  and  if  these 
be  shaken  up  with  a  little  water,  nitric  acid  will  be  found  in  the 
solution.    [Thus  nitric  acid  is  formed  in  the  air  by  electrical  dis- 
charges.] 

{b.)  By  burning  ammonia,  or  a  mixture  of  one  part  of  nitrogen  and 
ten  parts  of  hydrogen,  in  air  or  oxygen.  The  water  formed  will  be 
found  to  contain  traces  of  nitric  acid. 

(2.)  By  treating  nitrous  anhydride  (NoO.,)  and  nitric  peroxide 
N2O4)  with  water  {see  pages  134,  136). 

(3.)  By  the  slow  oxidation  of  organic  matter  containing  nitrogen 
[or  of  ammonia]  in  the  presence  of  an  alkali,  of  moisture  at  a  tem- 
!  perature  of  about  77°  F.  (25°  C),  and  possibly  of  a  special  kind  of 
'  bacterium  (?). 

(4.)  Ordinai-y  manufacturing  process. — By  distilling  a  mixture  of  po- 
1  tassic  or  sodic  nitrate  with  strong  sulphuric  acid  in  cast-iron  cylinders. 

[A  wetted  coke  scrubber  is  usually  attached  to  the  apparatus  in 
■  order  to  absorb  any  nitric  peroxide  that  may  escape  the  condensers 
'  during  the  operation.] 

The  decomposition  is  two-fold  : — 

(a.)  The  sulphuric  acid  displaces  one-half  the  nitric  acid — 

H2SO4      +     2NaN03  =  NaNOa  +       NaHS04      +  HNO,,. 
Sulphuric     +        Sodium     =   Sodium     4-     Hydric  sodium     +  Mtric 
acid  nitrate  nitrate  sulphate  acid. 

(bisulphate  of 
soda) 

(i.)  By  an  increased  temperature  the  hydric  sodium  sulphate  formed 
i  decomposes  the  remaining  sodium  nitrate — 

NaNO.T      +      NaHSO^      =       NaoSO^        -f  HNO3. 
Sodium  nitrate    -f-    Hydric  sodium     =    Sodium  sulphate    -f-    Nitric  acid. 

sulphate 

The  sodic  nitrate  (cubic  or  Chili  nitre)  is  ordinarily  used  in  the  nitric 
»acid  manufacture  because  {a,)  it  is  cheaper  than  potassic  nitrate,  and 
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(b,)  yields  a  larger  percentage  of  acid  owing  to  the  lower  atomic  weight 
of' sodium.  The  sodic  sulphate  left  in  the  retort  is  used  in  glass  manu- 
facture. 

Impurities— Lower  oxides  of  nitrogen,  owing  to  the  decomposition 
efiected  by  the  high  temperature  employed  in  the  second  part  of  the 
operation;  chlorine,  and  iodine  as  iodic  acid  (derived  from  the  alkaline 
chlorides  'and  iodides  in  the  nitre) ;  sulphuric  acid ;  iron  oxide;  alumina; 
potash  and  soda  salts. 

Preparation  of  Pure  Acid— To  purify  the  acid  commercially,  and 
to  increase  its  strength  {i.e.,  to  obtain  an  acid  containing  99-5  to 
99-8  per  cent,  of  HNO3),  it  is  re-distilled  in  glass  retorts  with  its 
own  bulk  of  strong  sulphuric  acid,  the  first  distillate  being  re- 
jected as  liable  to  contain  chlorine.  The  residue  in  the  retort  will 
contain  sulphuric  acid,  sodic  sulphate,  and  iodic  acid.  To  free  it  from 
the  lower  nitrogen  oxides,  the  distillate  is  warmed  and  air  passed 

through  it  until  cold. 

To  obtain  a  very  pure  acid  proceed  as  follows  :— Dilute  the  acid  witli 
its  oAvn  bulk  of  water.  Add  one  grain  of  potassic  bichromate  for  every 
100  grains  of  the  strong  acid,  in  order  to  oxidize  any  of  the  lower 
oxides  of  nitrogen.  Add  nitrate  of  silver  to  precipitate  any  chlorine. 
Syphon  off  the  clear  liquid  and  distil,  rejecting  the  first  half  of  the 
distillate. 

The  pure  acid  (1)  leaves  no  fixed  residue,  and  (2)  gives  no  pre- 
cipitate with  either  baric  or  argentic  nitratQ. 

Properties.— (a.)  Sensible.— When  pure,  nitric  acid  is  a  colorless 
liquid,  fuming'  in  the  air.  More  often,  however,  the  acid  of  commerce 
is  yellow,  from  the  presence  (by  decomposition)  of  nitrous  acid  or  nitric 
peroxide.    Its  taste  is  powerfully  acid,  and  it  has  a  slight  odour. 

(/3.)  Physiological.  It  is  an  intensely  irritant  poison,  and  a  powerful 
escharotic.  When  very  dilute  it  colours  the  skin  and  other  orgamc 
bodies  yellow  (Xantho-proteic  reaction).  Sodic  carbonate  or  mag- 
nesia suspended  in  water  are  proper  antidotes. 

(y.)  Physical.  Its  specific  gravity  varies  according  to  its  strength 
{see  Table  I.  in  Appendix).  It  forms  grey  fumes  when  exposed  to 
the  air,  the  acid  absorbing  water,  and  condensing  into  minute  drops. 
When  an  acid  of  any  gravity  is  boiled  for  some  time,  an  acid  of  a 
definite  strength  results,  the  stronger  acid  losing  its  acid,  and  the 
weaker  acid  its  water.  This  standard  acid  is  represented  by  the 
formula  2HNO3  +  3H2O,  and  is  the  acid  of  the  Pharmacopoeia,  havmg 
a  specific  gravity  of  1-42.  The  strongest  acid  has  a  gravity  of  1-53, 
and  is  prepared  with  well-dried  Chili  saltpetre  and  sulphuric  acid  ot 
a  specific  gravity  of  1  -85.  It  mixes  with  water  in  all  proportions,  heat 
being  evolved.  "Fuming  nitric  acid"  is  the  strongest  nitric  acid 
/^n  °ftr  1-53)  in  which  the  nitric  peroxide  has  not  been  driven  off. 

Action  ofHeat-The  strong  acid  (1-5)  boils  at  186-8°  F  (86-0»  a), 
and  an  acid  of  specific  gravity  1-42  (68«)  at  248°  F.  (120°  C).  At 
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186-8°  F.  (86°  C.)  the  strong  acid  begins  to  decompose  (2HN03= 
2NO2  +  H2O  +  O).  When  heated  in  closed  glass  tubes  to  a  tempera- 
ture of  500°  F.  (260°  C.)  it  is  entirely  decomposed  (2HN03=2N  + 
lIoO  +  oO),    The  strong  acid  (specific  gravity  1-5)  fi-eezes  at  —40°  F. 

(—40°  C),  becoming  an  acid  of  specific  gravity  1-4  at  — 41°F.(  40-55° 

C).    The  frozen  acid  has  the  appearance  of  a  white  buttery  mass. 

If,  under  ordinary  pressure,  an  acid  containing  less  than  70  per  cent, 
be  heated  below  248°  F.  (120°  C),  the  distillate  is  stronger  than  the 
acid.  At  248°  F.  (120°  C.)  the  composition  of  the  distillate  becomes 
.'onstant  (viz.,  Sp.  Gr.  1-42,  containing  68  per  cent,  of  pure  acid).  But 
with  a  change  of  pressure  there  comes  a  change  in  the  composition  of 
the  distillate,  there  being  a  constant  for  each  increase  or  decrease 
of  pressure. 

Action  of  Light.— The  acid  is  decomposed  by  light  into  nitric  per- 
oxide, water  and  oxygen,  the  solution  becoming  more  or  less  yellow 
(2HN03=2N02  +  H20  +  0). 

(a.)  Chemical.  Nitric  acid  reddens  litmus.  It  is  a  monobasic  acid, 
foi-ming  normal  salts  only  (nitrates),  having  the  formula  MfBO^ 
It  acts  as  a  powerful  oxidizing  agent,  owing  to  the  large 
amount  of  oxygen  it  contains  (|  of  its  weight),  and  the  ease  with 
which  it  can  part  with  it.  Thus  by  its  action  iodine,  phosphorus,  sul- 
phur, selenium,  carbon,  boron,  and  silicon  are  converted  into  their 
highest  oxy-acids,  whilst  the  lower  oxides,  such  as  sulphurous,  arse- 
uious,  and  phosphorous  acids,  are  at  once  converted  into  higher  oxygen 
acids. 

Action  of  Acids. — Stdphuric  acid  has  no  action  upon  nitric  acid  except 
dehydration.  Hydrochloric  acid  decomposes  it,  forming  aqua  regia,  or 
uitro-hydrochloric  acid  (3  of  hydrochloric  and  1  of  nitric  acid),  a  solu- 
tion containing  chlorine  and  the  body  called  chloride  of  nitrosyl 
(HIs03  +  3HCl=2H20  +  NOCl  +  Cl2).  When  aqua  regia  is  heated,  it 
evolves  nitric  oxide  and  chlorine,  which  latter,  in  the  nascent  state, 
dissolves  gold  and  platinum  (NOCI  +  CI2  + Au=N0  +  AuCl3). 

Action  on  Metals  and  Metallic  Oxides.— It  may  here  be  noted  that  when 
.ulphuric  acid  acts  on  metallic  zinc,  or  when  hydrochloric  acid  acts  on 
raetalhc  iron  or  tin,  free  hydrogen  is  evolved  : 

H2SO4  +  Zn  =  ZnS04  +  H2. 
2HC1     +    Fe    =    FeClg      +  Hg. 

If  sulphuric  acid,  however,  acts  on  oxide  of  zinc,  or  hydrochloric 
acid  acts  on  oxide  of  copper,  the  hydrogen  is  not  liberated  as  free 
hydrogen,  but  in  combination  with  oxygen,  as  water  :— 

H2SO4    +    Zn.O    =    ZnS04    +  H2O. 

2HC1      +    CuO    =     CuCla    +  HoO. 
When,  however,  nitric  acid  acts  on  metallic  zinc  or  copper,  no  free 
hydrogen  is  evolved,  because  the  oxygen  which  is  liberated  at  the  same 
lime,  effects,  in  the  nascent  state,  the  immediate  oxidation  of  the 
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hydrogen.  The  results,  however,  produced  by  the  action  of  nitric  acid 
on  the  metals  vary.  It  will  be  noticed  that  the  action  of  a  dilute  acid 
is  more  intense  than  that  of  a  strong  acid ;  whilst  if  the  nitric  acid 
contains  nitrous  acid,  the  oxidizing  power  of  the  acid  is  increased  (be- 
cause of  the  greater  instability  of  the  nitrous  acid).  On  the  noble  metals 
(such  as  gold,  platinum,  iridium,  rhodium,  titanium,  tantalum,  etc.),  it 
is  without  action.  On  silver  and palladmm,  if  the  acid  be  dilute,  and 
the  liquid  kept  cool,  no  gas  is  evolved,  nitrous  acid,  which  remains  in 
solution,  being  produced  (Ag2  +  3HN03  =  2AgN03  +  H20  +  HN02). 
On  copper  and  mercury,  an  acid  of  specific  gravity  1*25  evolves  nitric 
oxide  (NO),  (3Cu  +  8HN03=3CuN206+4H20  +  2NO),  but  an  acid 
of  specific  gravity  1*42  evolves  nitric  peroxide  (N2O4),  (Cu  +  4HN03= 
CUN2O6  +  2H2O +  N2O4)  ;  whilst  if  the  mixture  of  the  nitric  acid  and 
the  metal  be  heated,  pure  nitrogen  will  be  disengaged  (5CU  +  I2HNO3 
=  5CuN206  +  N2  +  6H20).  On  zinc  (upon  which  the  action  of  nitric 
acid  is  energetic),  a  dilute  acid  yields  nitrous  oxide  (NgO),  (4Zn  + 
10HNO3=4ZnN2O2  +  5H2O  +  N2O),  whilst  a  stronger  acid  sets  free 
ammonia,  Avhich  at  once  combines  with  any  excess  of  acid  present 
(4Zn  +  9HN03=4ZuN206+3H20  +  H3N).  Tin  and  antimony  are 
oxidized,  but  not  dissolved,  by  nitric  acid.  In  the  case  of  tin,  an 
insoluble  stannic  oxide  (Sn02)  is  formed,  called  jm^f?/  powder,  and 
nitric  peroxide  evolved  (Sn  +  4HN03=Sn02  +  2H20  +  2N204). 

On  bismuth,  tin  and  iron  the  strong  acid  (Sp.  Gr.  1'5)  has  no  action, 
but  if  a  little  water  be  added,  energetic  action  at  once  commences.  If 
iron,  after  having  been  immersed  in  the  strong  acid  be  taken  out,  and, 
without  being  wiped,  is  then  placed  in  a  weak  acid,  the  iron  will  be 
found  to  have  assumed  a  passive  state,  that  is,  the  weak  acid  will 
have  no  further  action  upon  it. 

Heated  with  an  oxide  or  a  metallic  base,  nitric  acid  evolves  no  gas,  but 
forms  salts  called  nitrates  (CuO  +  2HN03=H20  +  CuN206),  all  of 
which  are  soluble.    {See  Nitrates.) 

Action  on  Organic  Bodies. — Nitric  acid  destroys  all  organic  bodies.  It 
oxidizes  turpentine  with  explosive  violence.  Dropped  on  hot  and  finely 
powdered  charcoal,  the  charcoal  burns  vividly.  It  stains  all  albumi- 
nous substances  yellow.  When  added  to  morphia,  brucia,  or  narcotine 
they  are  turned  red.  It  oxidizes  and  bleaches  indigo  (C2H5NO),  chang- 
ing it  into  isatiu  (C2H5NO2).  Substitution  compounds,  more  or  less 
combustible,  are  formed  by  the  action  of  the  strong  acid  on  certain 
organic  bodies. 

Tests.  («•)  In  a  free  state. 

(1.)  The  production  of  red  fumes  (N2O4)  when  heated  with  the 
metals  (e.g.  copper). 

(2.)  Its  power  of  reddening  morphia,  brucia,  etc. 

(3.)  The  formation  of  a  red  or  brown  colour  (dependent  on  the 
quantity  of  nitric  acid  present)  when  brought  into  contact  with 
a  mixture  of  aniline  and  sulphuric  acid.  (Braun.) 
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(13.)  In  a  combined  state  (as  nitrates).  [All  nitrates  are  decomposed 
by  strong  sulpburic  acid,  yielding  free  nitric  acid.] 

(1.)  Add.to  the  nitrate  some  sulpbnric  acid  to  liberate  nitric  acid,  and 
float  on  the  mixture  a  solution  of  ferrous  sulpbate.  A  part  of  the  nitric 
acid  will  be  reduced,  the  ferrous  becoming  ferric  sulphate,  whilst  the 
remainder  of  the  ferrous  sulphate  solution  will  absorb  the  lower  oxides 
of  nitrogen  set  free,  and  the  solution  become  brown  where  the  two 
liquids  touch,  a  compound  of  ferrous  sulphate  and  nitric  oxide  beino- 
formed.    (Liebig.)  ^ 

(2.)  Add  to  the  solution  of  a  nitrate,  sulphuric  acid  and  a  little  indigo 
solution;  the  latter  will  be  bleached  by  the  nitric  acid  liberated  by  the 
action  of  the  sulphuric  acid  on  the  salt. 

(3.)  By  adding  sulphuric  acid  to  a  nitrate  and  shaking  the  mixture 
with  mercury,  NO  is  set  free,  the  quantity  evolved  indicating  the 
amount  of  nitric  acid  present  (Crum's  test  as  modified  by  Frankland). 

(4.)  A  nitrate  placed  on  red-hot  charcoal  deflagrates.  (Chlorates  act 
similarly.) 

For  quantitative  determination,  etc.,  see  Nitrates. 

Uses— (a.)  In  nature  nitric  acid  is  one  of  the  sources  of  the  nitrogen 
of  plants.  It  is  of  no  special  use  to  animals,  (h.)  In  chemistry  and  in 
the  arts  its  chief  use  is  as  a  solvent  and  as  an  oxidizer,  e.g.,  in  the  manu- 
facture of  gun  cotton  and  nitro-glycerine,  the  coal-tar  colours,  sulphuric 
acid,  and  in  the  preparation  of  the  nitrates,  such  as  those  of  silver  (used 
in  photography),  of  barium  and  strontium  (used  in  pyrotechny),  of  iron, 
lead,  and  alumininm  (used  in  dyeing  and  calico  printing),  etc.  (c.)  iL 
medicine  we  have  in  the  B.P.  the  acidum  nitricum  (speciflc  gravity  1-42, 
and  containing  70  per  cent,  of  HNO3,  being  in  reality  2HN03,3HoO) 
and  acidum  nitricum  dilutum  (Sp.  Gr.  MOl),  containing  17-44  per 
<^ent.  of  HNO3.  The  strong  acid  (Sp.  Gr.  1-5)  is  used  as  an 
escbarotic. 
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The  combination  of  nitrogen  with  the  haloids  cannot  be  ejEEected 
''"•ectly,  whilst  there  is  some  doubt  as  to  whether  any  such  com- 
I'ounds  exist  without  the  presence  of  hydrogen.  " 

1.  Compounds  of  Nitrogen  and  Fluorine. 
^^No^ompound  of  nitrogen  with  fluorine  is  known  without  hydrogen 

2.  Compounds  of  Nitrogen  and  Chlorine. 

Chloride  of  Nitrogen  {Nitrous  Chloride),  NCJ3=120-5. 
Of  the  composition  of  this  body  there  is  considerable  doubt,  its 
^"Hlysis  being  rendered  difficult  on  account  of  its  explosive  nature. 

L 
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Some  regard  it  as  NCJ,,  and  others  as  a  compound  of  NHClj  + 
NClg.  In  the  former  case  it  is  regarded  as  an  ammonia  molecule, 
where  three  atoms  of  hydrogen  are  replaced  by  three  of.  chlorine;  in 
the  latter  as  a  double  ammonia  molecule,  where  five  hydrogens  are 
replaced  by  five  chlorines,  one  hydrogen  not  being  disturbed.  Pos- 
sibly  there  may  be  a  "series  of  these  compounds,  such  as  NHjCl, 
NHCI2,  NCI3. 

History.— Discovered  by  Dulong  in  1812  ;  investigated  by  Davy. 

Preparation. — (l-)  action  of  chlorine  on  a  strong  solution 

of  ammonic  chloride  at  86°  F.  (30°  C.)  :— 

NH,C1         +       3C1,      =  4HC1     +  NCI3. 

Ammoniiun  Chloride  +       Chlorine     =     Hydi'ochloric  acid  +  Chloride  of  nitrogen. 

[Note.  The  action  of  chlorine  on  an  excess  of  ammonia  is  to  set 

free  nitrogen  (8NH3  +  SClg  =  6NH4CI  +  Ns).  When  ammonia  gas 
burns  in  chlorine,  hydrochloric  acid  and  nitrogen  are  formed.] 

(2.)  By  the  electrolysis  of  ammonium  chloride.  The  chlorine  de- 
veloped at  the  +  pole,  becomes  chloride  of  nitrogen. 

Properties.— ("•)  Sensible.— An  oily  liquid  (like  olive  oil)  having  a 
peculiar  odor  ;  irritating  to  the  eyes  and  nose. 

(/3.)  P7i?/stcaZ.— Specific  gravity  1-653.  It  is  volatile  at  ordinary 
temperatures,  and  boils  at  160°  F.  (71-1°  C).  It  does  not  freeze  at 
—16-6°  F.  (—27°  C).  It  explodes  violently  at  from  200°  to  212°  F. 
(93°  to  100°  C.) 

(y.)  Chemical.— The  elements  in  chloride  of  nitrogen  are  very  feebly 
combined.  A  slight  warmth,  the  mere  contact  of  phosphorus,  sulphur, 
arsenic,  the  alkalies,  or  of  inflammable  bodies  generally  (such  as  fat  or 
turpentine)  cause  its  immediate  explosion.  The  metals,  the  mineral 
acids,  alcohol,  and  water  have  no  action  upon  it. 

3.  Compounds  op  Nitrogen  and  Bromine. 

It  is  doubtful  whether  any  compound  of  these  bodies  exists. 
Millon  in  1828  remarked  that  potassic  bromide  decomposed  nitrous 
chloride  (NCI3),  forming  a  red  liquid  having  similar  properties  to 
the  chloride  of  nitrogen.  He  considered  that  the  CI3  had  been  replaced 
by  Bra- 

4.  Compounds  of  Nitrogen  and  Iodine. 

Iodide  of  Nitrogen  {Nitrous  Iodide,  NIj). 
Of  the  composition  of  this  body  there  is-  much  doubt.  ^^^^^^^^ 
there  is  a  series  of  compounds,  of  which  Gladstone  and  Franklau 
mention  NHI2  (nitrous  hydrobiniodide),  and  Bunsen  (NI3,  NH,). 
Preparation. — By  the  action  of  iodine  on  ammonia : — 

4NH        +         3I2     =         NI3  +  3NH4I 

.      Ammonia      +       Iodine     =-     Nitrous  Iodide     +      Ammonic  Iodide 
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Note.— Nitrogen  is  liberated  by  the  action  of  chlorine  and  bromine 
(but  not  by  the  action  of  iodine)  on  ammonia. 

Properties —A  black  powder  having  an  iodine  smell  and  a  very 
high  specific  gravity.  When  dry  it  is  easily  decomposed  by  heat  or 
by  the  touch  of  a  feather,  fumes  of  iodine  vapor  being  liberated 
(NPIl2=N  +  HI  +  I).  Water  dissolves  and  decomposes  it,  forming  an 
s  ammonic  iodate,  iodine  with  a  little  free  nitrogen  being  evolved 
.:  Sulphuretted  hi/droffen  decomposes  it,  ammonic  iodide,  hydriodic  acid  and 
.siilphiu-  being  formed  (NHl2  +  2H2S=NH,I  +  HI+ S„).  It  is 'also 
t  decomposed  by  solutions  of  the  alkalies  and  of  the  alkaline  earths 
i  iodides  and  iodates  being  formed.  ' 

I  COMPOUNDS  OF  NITEOGEN  WITH  OXYGEN  AND  THE 

HALOIDS. 

Nitrous  Oxychloride,  NOCl. 

y  Molecular  toeight,  65-5.    Molecular  volume,  j^J.    Helatwe  weight, 


32-67.  Specific  gravity,  theoretic  2-2663,  observed  2-29  I  litre 
toeighs  (32-75  criths)  2-9344  grms.  and  100  cubic  inches  70-18  grains. 

SYILOIiYms—Chloro-nitrous  gas;  nitrosyl  chloride;  azotyl  chloride. 

Preparation,  (l.)  By  the  direct  union  of  two  volumes  of  nitric  oxide 
land  one  volume  of'  chlorine. 

!  '^^'^^'''^  (^P-        1-42)  and  hydrochloric 

lacids  (Sp.  Gr.  1-16)  (aqua  regia)  :— 

HNO3   +       3HC1        =        NOCl        +    CI2     +  2H0 
Nitncacid  +  Hydrochloric  acid  =  Nitrous  oxychloride  +  Chlorine  +  Wate'r.  * 
[To  obtain  the  pure  chloride,  pass  the  dried  gases  through  strong 
Hulphu^c  acid     The  body  H(N0)S0,  (nitrosyl  sulphate    or  lea! 

a^r^vT  ^^^-Pi'^g-  When  the 

a^trosyl  sulphate  IS  treated  with  an  excess  of  dry  sodium  chloride, 
NOCl  IS  evolved  (H(N0)S0,+NaCl=NaHS04+N0Cl)]. 
utSe:-  phosphorus   pentachloride   on  potassium 


PCI5     +    KNOo    =    NOCl    +     KCl     +  POCl 
^         onae  nitrite  oxychlonde         chloride.  oxytrichloride. 

J^?oPp^^®^;~^^  orange-colored  gas,  becoming  a  red  liquid  at  0°  F. 
.crcurv  roNHP,    ot^'  ^'  ^'^^  decomposed  by 

^Oa-.H  ^    1^.^?^=^^^^'^  +  "^^)'         by  with  water 

•'^te  and  chloride  (NOCl  +  2  KH0=KN0,  +  E:C1  +  H,0). 

lickitrK '^°"r'''^  or  nitrosyl  bromide  (NOBr),  a 

'     «  ^J'rown  liquid,  and  also  a  nitrosyl  tribromide  (NOBr,)  a  brownish 
liquid,  are  also  known  to  exist. 
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NitryHc  Chloride  (N02Cl=8l-5). 

Relative  weight  40-75.    Specific  gravity  of  liquid,  1-32  ;  of  the  vapor,  2*63 

{theoretic,  2-819). 

Synonyms. — Chloride  of  Nitryl — Nitric  Dioxychloride — Chlorojier- 
nitric  gas—Nitroxyl  Chloride— Chloride  of  Nitric  Acid. 

Preparation. — (l-)  passing  a  mixture  of  chlorine  and  nitric 
peroxide  through  a  hot  tube  (N02  +  C1=N02C1). 

(2.)  By  the  action  of  phosphorous  oxychloride  on  plumbic  or  argentic 
nitrate  (Odet  and  Vignon).  [Some  doubt  has  been  thrown  on  this 
reaction  by  Mills.] 

3AgN03        +       PCI3O       =    Ag3P04     +  3N0„C1. 
Argentic  nitrate      +      Phosphorous      =       Argentic      +  Nitrylic 

oxychloride  phosphate  chloride. 

(3.)  By  the  action  of  chlorhydrosulphuric  acid  on  nitric  acid  (Wil- 
liamson). 

HCISO3  +       HNO3      =      H0SO4     +  NO2CI 

Chlorhydrosulphuric     +      Nitric  acid      =      Sulphuric     +  Nitrylic 

acid  acid  chloride. 

Properties. — -A-  heavy  yellow  liquid,  boiling  at  41°  F.  (5°  C.)  and 
not  freezing  at — 23°  F.  ( —  31°  C.)  It  is  decomposed  by  water  into 
nitric  and  hydrochloric  acids  (N02CH-H20=HC1-|-HN03). 

Chloro-Nitric  Gas,  NOCI2  or  N2O0CI4. 

^jaonjSXiS,.— Nitric  dioxy-tetracUoride  (Frankland)  ;  Nitric  oxy- 
dichloride ;  Azotyl  bichloride. 

Preparation. — Formed,  together  with  nitrous  oxychloride,  by 
heating  aqua  regia  : — 

2HNO3  +        6HC1       =      2NOCI2      +  4H2O+  Clo 

Nitric  acid  +  Hydrochloric  acid  =  Chloro-nitric  gas  +  Water  +  Chlorine. 

Properties.— Below  19°  F.  (—7°  C.)  it  is  a  red  liquid,  but  above 
this  temperature  a  yellow  gas.  It  is  decomposed  by  water  or  by  an 
alkaline  hydrate.  With  mercury  it  forms  nitric  oxide  and  mercurous 
chloride  (4Hg  +  N202Cl4=2Hg2Cl2  +  N202). 


CHAPTER  VII. 


PHOSPHORUS. 

Phosphorus.  Compounds  of  Phosphorus  and  Oxygen-Suboxide  of  Phosphorus— 
Hypophosphorous  acid— Phosphorous  anhydride— Phosphorous  acid— Phosphoric 
anhydi-ide— Metaphosphoric  acid— Pyi-ophosphoric  acid— Orthophosphoric  acid— 
Compoimds  of  Phosphorus  and  the  Haloids- Phosphorous  chloride— Phosphoric 
Chloride  —  Phosphoric  Oxy-trichloride  —  Phosphoric  Sulpho -trichloride— The 
Iodides  of  Phosphorus— Phosphani— Action  of  Ammonia  on  Phosphorous  Com- 
pounds. , 

PHOSPHORUS  (P  =  3i). 

[Atomic  weight  31.     Molemlar  weight  (31  x  4).     Atomic  vokme\  \  or 
Molecular  volume  \    \    \.    Atomicity  pentad  (PgOg  ;  PCJ5)  and 
triad  (PH,  ;  PCI3).    Relative  weight  (H=l),  62.    Specific  gravity 
of  vapor,  4-2984.    1  litre  of  phosphorus  vapor  weighs  (62  criths, 
not  31  criths)  5-555  grms.,  and  100  cubic  inches  132-866  grai^is. 

The  name  phosphorus  (0(Dc  and  .pipoj),  equivalent  to  the  Latin 
fuctfer,  IS  derived  from  its  property  of  shining  in  the  dark.  The  term 
Had  been  previously  applied  to  various  other  bodies  that  were  luminous 
When  heated,  viz.,  Baldwin's  phosphorus  (calcic  nitrate),  Bolognian 
v>ho8phoru8  (baric  sulpljate),  Romberg's  phosphorus  (fused  calcic 
*:hlonde),  etc. 

History— Phosphorus  was  discovered  accidentally  by  Brandt  in 
•inne  during  certain  alchemical  investigations  (1669).    He  showed 
ome  to  a  German  chemist,  Kunkel,  who  spoke  of  it  to  his  friend 

nn  i'  n         *  ^"""^^^  preparation  from  Brandt  for 

•  00  do  lars.  Kunkel  (1674)  afterwards  made  it  in  sufficient  quantity 
!  or  sale,  the  material  being  known  as  "  Kunkel's  phosphorus." 
I  oy  e  and  his  assistant,  Godfrey  Hankwitz  (1680),  also  prepared  it, 
I  lie  latter  sellmg  it  under  the  name  of  "English  Phosphorus."  The 
I  rocess  was  improved  by  Margraaf  (1740).  Gahn,  in  1 768,  discovered 
,  iiosphorus  in  bones,  and  Scheele  (1769)  invented  a  ready  process  for 
,  reparing  it  therefrom,  which  was  afterwards  perfected  by  Fourcroy, 
:  ^auquehn,  Nicholas,  and  Pelletier. 

I  /Ancient  theories  as  to  its  naiwre.— Phosphorus  was  believed  by  the 
I  •  a  ilians  (their  theory  being  iu  vogue  at  the  time  of  its  discovery) 
;  0  i^e  a  compound  of  phlogiston  and  of  the  white  fumes  produced  by 
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its  combustion.  Tliese  white  fumes  were  believed  by  Stahl  to  be 
muriatic  acid,  but  this  Margraaf,  of  Berlin,  in  1740,  proved  to  be  an 
error,  showing  that  the  white  flakes  were  phosphoric  acid.  The 
8tahlians  then  asserted  that  phosphorus  was  a  compound  of  phos- 
phoric acid  and  phlogiston.  In  1772,  Guy  ton  Morveau  proved  that  the 
phosphoric  acid  from  burning  phosphorus  was  heavier  than  the  phos- 
phorus from  which  it  was  obtained  ;  after  which  Lavoisier,  in  1774-5, 
made  his  famous  experiment  of  burning  a  known  weight  of  phosphorus 
in  a  known  quantity  of  oxygen,  by  which  he  proved  phosphoric  acid 
to  be  a  compound  of  oxygen  and  phosphorus.  In  1810-12,  Davy, 
Gilbert,  Gay  Lussac,  and  Thenard,  established  its  elementary  nature, 
since  which  time  its  various  allotropes  have  been  discovered. 

Natural  History. — Phosphorus  is  never  met  with  free  in  nature, 
but  in  a  combined  state  only. 

(a.)  In  the  mineral  Tcingdom  it  is  found  in  all  the  primitive  and 
volcanic  rocks  (chiefly  as  Ca32P04),  and  in  the  soils  produced  by 
their  disintegration.  It  occurs  as  osteolite,  apatite  and  coprolite  (phos- 
phate of  lime  CagPaOa),  also  as  wavellite  and  massive  phosphate  of 
alumina,  lead,  uranium,  etc,  (/3.)  In  the  vegetable  kingdom  phosphorus 
is  extracted  from  the  soil  by  plants  for  animal  use.  It  is  found  in  all 
parts  of  the  vegetable,  but  more  particularly  in  the  seed. 


Quantity  of  Phosphoric  Anhydi'icle  2^er  cent,  present  in  different  substances. 

PjOj  per  cent. 

Ash  of  tobacco  stalk  , .       . .       . .       . .       . . 

straw  (barley,  wheat,  oats,  &c.) 
turnips 
clover . . 

flax    . .       . .       . .       . .       •  •       • • 

potatoes 

oats    ,.       ..       ..  .. 

wheat  . ,       •  •       .  >       . .     ^  • . 


2-  73 

3-  00 
6-10 
6-30 

10-  77 

11-  30 
14-90 
16-40 


(y.)  In  the  animal  kingdom  phosphorus  is  found  in  complex  combina- 
tions in  brain  and  nerve  tissue,  as  though  it  were  essential  to  the 
exercise  of  the  higher  functions.  It  is  found  in  all  the  secretions,  in 
urinary  and  in  other  calculi,  in  the  tartar  of  the  teeth  thrown  down  from 
the  saliva  by  the  ammonia  of  the  breath,  etc. 

Proportions  of  Phosphorus  per  cent,  present  in  various  animal  tissues. 


Mulder. 

Zoisaigne. 

Courbt. 


Dry  fibrin   , . 
„    egg  albumen 
„   blood  ,, 
Brain  normal 
of  idiots 
of  sane 
of  madmen 


>> 


Bone. . 


Phosphorus  per  cent. 
..    0-32— 0-42, 

•  • 

..  0-33. 

..  1-93— .V97. 

..  1-00— 1-50, 

..  2-00—2-50. 

..  3-00—4-50. 

16-96  =  53  per  cent,  of  CaaPjO,. 


Solid  matters  of  urine   2.32  per  cent,  of  alkaline  and  earthy  phosphates. 
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Preparation. — Phosphorus  is  the  only  element  in  the  preparation 
of  which  animal  substances  are  employed. 
(1.)  Preparation  from  urine  (old  methods). 

1st  process. — Evaporate  the  urine  to  dryness  j  mix  the  residue  with 
sand,  and  distil.  The  silica  liberates  the  phosphoric  acid,  which  the 
carbon  reduces.    (Boyle  and  Hankwitz.) 

2nd  process. ^'Preciipitate  the  urine  with  plumbic  acetate  ;  mix  the 
precipitate  with  one-fourth  its  weight  of  charcoal,  and  distil.  (Grobert.) 

(2.)  Preparation  from  native  calcic  phosphate  {such  as  sombrerite)  and 
/rom  bones.    (Process  of  Scheele  modified  by  Vauquelin,  Nicholas,  etc.) 

(a.)  Bones  (from  which  the  gelatine  may  have  been  previously  ex- 
tracted) are  heated  in  an  open  fire  to  whiteness,  whereby  "  bone-earth  " 
Ca32P04  is  obtained, 

(/3.)  Three  parts  of  this  bone-earth  are  now  digested  for  several  days 
•  with  a  mixture  of  2  parts  of  strong  sulphuric  acid  (Sp.  Gr.  1-55),  and 
18  to  20  parts  of  water.    An  insoluble  sulphate  of  lime  and  a  soluble 
1  monocalcic  salt  called  "  superphosphate  "  are  thus  formed  : — 

Ca32P04       +    2H2SO4     =     2CaS04    +  Ca2H2P04. 
Tricalcic  phosphate  +  Sulphuric  acid  =  Calcic  sulphate  +  Calcic  superphosphate, 
(bone  ash) 

(y.)  The  mixture  is  now  filtered  through  horsehair  to  remove  the 
i  insoluble  calcic  sulphate. 

(2.)  The  clear  filtrate  is  now  evaporated  to  a  syrup,  which  is  then 
E  mixed  with  one-fourth  its  weight  of  charcoal  and  heated,  whereby 
» water  is  expelled,  and  an  intimate  mixture  of  charcoal  and  metaphos- 
iphate  of  lime  formed  : — 

Ca2H2P04         =  Ca2P03  +  211^0. 

Calcic  superphosphate       =       Calcic  metaphosphate       -j-  "Water. 

(e.)  This  mixture  is  now  distilled  at  a  red  heat  in  an  earthenware 
retort  rendered  air-tight  with  borax  and  sandy  clay,  when  phosphorus 
passes  over  and  is  collected  under  hot  water  : — • 

3(Ca2P03)     -flOC=      Ca32P04      +      lOCO     +  P^. 
Calcic  metaphosphate-fCarboii= Tricalcic  phosphate  +  Carbonic  oxide-|- Phosphorus, 
rWohler  recommends  using  sand  and  charcoal,  whereby  the  whole  of  the  phos- 
<pliorus  may  be  obtained.    2(Ca2PO,)  -|-  IOC  +  2Si02  =  2CaSi03  -f  lOCO  +  P,)J. 

(C.)  The  phosphorus  is  purified  first  by  washing  under  hot  water 
^containing  bleaching  powder ;  then  by  fusion  under  ammonia  to  remove 
'Odd  impurities,  and  finally  under  a  mixture  of  sulphuric  acid  and 
■potassic  dichromate,  whereby  any  suboxide  of  lohosphonis  present  is 
■oxidized  and  changed  into  soluble  phosphoric  acid.  The  pure  phos- 
iphorus  is  then  strained  through  leather  under  hot  water,  and  cast  into 
"^sticks. 

(3.)  Phosphorus  may  bo  prepared   (although  as   a  manufacturing 
rprocesa  this  has  not  been  successful)  by  passing  a  stream  of  hydro- 
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chloric  acid  gas  over  a  mixture  of  charcoal  and  heated  bone  ash  (Cary- 
Moutrand)  : — 

Ca32P04  +    6I-IC1    +  8C  =  SCaCla  +  8C0  +    SHg   +  P„. 
Tricalcic  phos-  +Hydrochloric+Carbon=    Calcic    +Carbonic+Hydrogen+  Phos- 
phate acid  cMoride        oxide  phoms. 

Varieties. — Phosphorus  assumes  different  allotropic  forms,  of  which, 
amongst  others,  are  the  following  : — 

1.  Clear  trajisparent  variety. — This  is  a  yellow,  soft,  wax-like  body, 
tasteless  in  the  solid  form,  but  having  a  sharp,  pungent  flavour  in 
solution.  It  has  the  odor  of  garlic.  Its  specific  gravity  varies  from 
r838  to  1-853.  It  is  a  non-conductor  of  heat  and  electricity.  It  fuses 
at  111'2°  F.  (44°  C),  the  fumes  in  a  dark  room  appearing  luminous. 
Its  specific  heat  between  36°  and  13°  C.  is  0-202. 

2.  White  opaque  variety  (Rose). — This  is  formed  by  the  action  of 
light  and  probably  of  oxygen  on  the  above,  when  kept  under  water.  The 
white  opaque  crust  forms  most  readily  when  the  water  contains  an 
abundance  of  calcareous  matter.  It  may  be,  however,  and  probably  is, 
some  form  of  oxide  rather  than  an  allotrope.    Specific  gravity  1*51 5. 

3.  Black  variety  (Thenard)  is  said  to  be  produced  when  the  common 
phosphorus  is  melted  and  suddenly  cooled  to  32°  F.  (0°  C).  Probably 
this  form  only  results  from  some  metallic  impurity  in  the  phosphorus 
employed. 

4.  Eed  variety  (Schrotter,  1845)  is  formed  by  heating  yellow  phos- 
phorus for  thirty  or  forty  hours  in  an  atmosphere  in  which  it  cannot 
oxidise,  at  a  temperature  of  from  460°  to  478°  F.  (238°  to  248°  C),  or 
under  pressure  at  572°  F.  (300°  C).  It  is  also  formed  when  the  yellow 
phosphorus  (100  parts)  is  heated  with  a  little  iodine  (1  part)  or 
selenium,  the  excess  of  phosphorus  {i.e.  the  quantity  not  needed  by  the 
iodine  or  selenium)  instantly  becoming  amorphous. 

In  the  manufacture  of  red  phosphorus  close  iron  vessels  are  used,  the 
oxygen  soon  becoming  exhausted  by  the  combustion  of  a  little  of  the 
phosphorus.  The  temperature  under  ordinary  pressure  must  not  exceed 
500°  F.  (260°  C),  or  ordinary  yellow  phosphorus  will  be  re-formed 
from  the  red  allotrope.  It  may  be  purified  from  yellow  phosphorus  by 
the  solvent  action  of  CSg,  or  by  boiling  with  caustic  soda.  It  is  amor- 
phous, and  of  a  dull  red  color,  without  taste,  odor,  or  action  on  the  body. 
Its  specific  gravity  is  2-14,  and  it  fuses  at  550-4°  F.  (288°  C).  It  conducts 
electricity  feebly.  It  is  not  luminous  until  heated  to  its  firing  point 
600-8°  F.  (316°  C).  It  is  insoluble  both  in  carbon  bisulphide,  and 
in  sulphur  chloride.  It  is  changed  back  again  to  the  common  yellow 
variety  by  the  action  of  a  heat  of  500°  F.  (260°  C),  the  change  being 
accompanied  by  the  evolution  of  great  heat.  If  the  heat  be  applied 
out  of  contact  with  air,  the  yellow  phosphorus  formed  has  the  same 
weight  as  the  original  red  phosphorus.  It  is  permanent  in  the  an-, 
and  gives  off  no  vapor.    It  is  not  fired  by  contact  with  iodine. 

Properties.— («.)  Sensible. — A  solid.  The  yellow  variety  may  be 
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prepared  in  octahedral  or  dodecahedral  crystals  by  evaporating  its 
solution  in  carbon  disulphide  in  an  atmosphere  of  carbonic  anhydride. 
The  red  variety  is  amorphous.  The  color  varies.  The  common  variety 
is  yellow ;  Rose's,  white,  like  porcelain  ;  Thenard's,  black ;  and 
Schrotter's,  red.  The  odor  of  all  the  varieties,  excepting  that  of 
Schrotter,  is  said  to  be  like  garlic.  Its  taste,  except  Schrotter's 
variety,  is  acrid. 

(/3.)  Physiological. — All  varieties  (except  the  red  phosphorus)  are 
active  poisons,  less  than  half  a  grain  having  proved  fatal.  Its  exact 
physiological  action  is  doubtful,  some  considering  that  its  poisonous 
action  is  due  to  its  oxidation  internally  at  the  expense  of  the  oxygen 
of  the  blood ;  whilst  others  hold  that  it  is  a  true  blood  poison,  and 
remains  unaltered  by  absorption.  To  remove  it  from  the  system  by  the 
stomach-pump,  or,  if  after  an  interval,  by  an  emetic,  adm'inistering  at 
the  same  time  some  thick  gruel  containing  chalk  or  magnesia,  the 
former  to  suspend  the  particles,  and  the  latter  to  neutralise  any  acid 
products  formed,  constitutes  the  best  method  of  treatment  in  cases  of 
phosphorus  poisoning.  Above  all,  the  administration  of  oil  or  fatty  matter 
must  be  avoided.  The  red  variety  is  not  poisonous.  The  vapors,  when 
inhaled  (as  in  lucifer-match  making),  are  liable  to  produce  disease 
of  the  jaw  bone. 

(y.)  Physical. — Specific  Gravity. — This  varies :  the  specific  gravity  of 
ihe  yellow  variety  ranges  from  1-848  to  1-853  ;  that  of  the  white  is  1-515  ; 
and  of  the  red,2-U.  The  sjyecijic  gravity  of  the  vapor  is  4-303  ;  that  is,  its 
volume  is  62  times  the  weight  of  the  same  volume  of  hydrogen  at  the 
same  temperature  and  pressure.  Theoretically,  it  should  be  only 
31  times  the  weight.  The  atom,  therefore,  must  be  regarded  as  one- 
half  the  size  of  the  hydrogen  atom,  and  the  molecule  as  consisting  of 
four  atoms  (P^). 

Action  of  Heat.— The  yellow  variety  melts  and  fires  at  about  112°  F. 
(44-6°  C).  It  may  be  cooled  to  90°  F.  (32°  C.)  without  solidifying,  more 
particuLirly  if  it  be  melted  under  a  solution  of  potassic  hydrate  ;  but  if, 
whilst  in  this  state  of  liquidity,  it  be  touched  under  the  solution  with  a 
sohd^  point,  it  immediately  solidifies,  the  temperature  rising  to  112°  F. 
^44-o°  C.).  It  volatilizes  at  ordinary  temperatures  in  moist  air,  and  at 
17  F.  (103°  C.)  in  dry  air,  the  vapor  possessing  an  alliaceous  odor. 
It  boils  or  distils  at  554°  F.  (290°  C),  but  when  boiled  in  water, 
phosphorus  vapor  comes  over  along  with  the  steam  at  212°  F.  (100°  C  ) 
-A^bove  1904°  F.  (1040°  C.)  however  the  vapor  density  indicates  that 
;he  molecule  of  P4  undergoes  partial  dissociation  (Victor  Meyer). 

If  the  yellow  variety  be  heated  a  httle  above  its  melting  point,  and 
suddenly  cooled,  it  forms  the  black  or  Thenard's  phosphorus  ;  this 
I'ariety  may,  however,  be  changed  back  again  to  the  yellow  form  by 
nsion  and  slow  boiling.  If  the  yellow  variety  be  heated  nearly,  but 
lot  quite,  to  its  boiling  point,  and  suddenly  cooled,  it  becomes  viscous, 
-f  the  yellow  phosphorus  be  heated  for  a  long  time  at  from  460°  F. 
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(238°  C),  to  480°  F.  (249°  C),  in  hydrogen,  or  in  nitrogen,  or  in  any 
atmosphere  in  which  it  cannot  fire,  it  forms  the  red  variety,  or 
"  Schrotter's  phosphorus,"  which  by  a  heat  of  500°  F.  (260°  C.)  may  be 
again  reconverted  into  the  yellow  variety.  Rose's,  or  the  white  phos- 
phorus, at  a  heat  of  122°  F.  (50°  C),  becomes  the  ordinary  yellow  variety. 

Action  of  Light. — When  yellow  phosphorus  is  exposed  under  water 
to  diffuse  daylight,  a  white  covering  is  formed  upon  it  (Rose's).  Sun- 
light acting  on  yellow  phosphorus,  preserved  either  under  water  or  in 
a  vacuum,  changes  it  to  an  orange-yellow.  (Napoli.) 

Action  of  Electi-icity . — Phosphorus  is  a  bad  conductor  of  electricity,, 
unless  it  be  melted. 

When  the  hydrogen  flame  containing  phosphorus  is  examined  by  the 
spectroscope,  two  green  lines  are  apparent,  one  corresponding  with 
one  of  the  barium  lines. 

Solubility. — 'The  solubility  of  phosphorus  in  different  liquids  is 
represented  in  the  following  table  : — 

Solubility  of  Phosphorus  in  various  Liquids. 
Water  . . 

Strong  Acetic  acid 
Alcohol  (Sp.  Gr.  834) 
Ether  (Sp.  Gr.  758)  . . 
Olive  oil  (Sp.  Gr.  916 
Turpentine  (Sp.  Gr.  996) 
Carbon  Bisulphide    . . 

The  solutions,  however,  differ  in  strength  very  materially,  according 

to  the  length  of  time  that  the  solvent  has  been  acting. 

Table  showing  the  Solubility  of  Phosphorus  in  various  Liquids  after 
remaining  in  contact  with  them  for  different  times. 


Slight. 

0-04  per  cent. 
0-4  „ 

0-  9  „ 

1-  0  „ 

2-  5  „ 

10  to  15  times  its  weight. 


Liquid. 

Quantity 

by 
Measure 
of  Solvent. 

Quantity 

by 
"Weight 
of 

Phosphorus 

Amount  of  Phosphorus  taken  up  during 

1st 
day. 

2nd 
day. 

3rd 
day. 

4th 
day. 

5th 
day. 

6th 
day. 

Alcohol   . . 

1  oz. 

400  grs. 

0-31 

0-42 

0-54 

0-96 

1-5 

1-6 

Ether     . .     . . 

1  oz. 

364  „ 

2-9 

3-0 

3-1 

3-3 

3-3 

3-3 

Olive  on..  .. 

1  oz. 

440 

1-0 

1-3 

2-4 

3-0 

4-0 

4-4 

Tiu'pentine 

1  oz. 

478  „ 

3-1 

4-8 

6-5 

8-6 

10-0 

12-0 

(g.)  Chemical. — Our  remarks,  for  the  present,  refer  to  the  ordinary 
yellow  variety  only.  Phosphorus  has  an  intense  affinity  for  oxygen, 
acting  therefore  as  a  powerful  reducing  agent.  Phosphoric  acid  is  pro- 
duced by  its  rapid  combustion,  and  jyhosphorous  acid  by  its  slow  combus- 
tion, in  dry  air  or  oxygen.  (See  Analysis  of  Air,  p.  97.)  In  moist 
air  the  fumes  evolved  from  phosphorus  are  luminous  in  the  dark.  They 
are  said  to  consist  of  ammonic  nitrate,  formed  by  the  action  of  ozonised 
oxygen  on  the  air  in  the  presence  of  aqueous  vapor. 
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This  slow  combustion  of  phospliorus  is  influenced  by  many  circum- 
stances : 

(1.)  Phosphorus  is  not  luminous  in  pure  oxygen  at  a  temperature 
below  60°  F.  (15'6°  C).  Chappuis  supposes  the  luminosity  to  depend 
on  the  presence  of  ozone  in  the  air. 

(2.)  The  presence  of  a  diluting  gas,  such  as  hydrogen,  nitrogen,  etc., 
greatly  reduces  the  temperature  at  which  phosphorus  becomes  luminous. 

(3.)  It  is  essential  that  moisture  should  be  present. 

(4.)  The  luminosity  is  greatly  promoted  by  heat,  and  checked  by 
cold.  It  is  not  luminous  in  air  at  32°  F.  (0°  C),  and  but  faintly  lumi- 
nous at  from  41°  to  43°  F.  (5°  to  6°  C.)  ;  but  above  this  the  luminosity 
is  in  direct  ratio  to  the  temperature. 

(5.)  The  luminosity  is  increased  by  rarefaction,  whilst  on  the  con- 
trary, a  pressure  of  four  atmospheres  entirely  checks  it. 

(6.)  The  luminosity  is  stopped  by  the  presence  of  certain  gases  and 
vapors.  In  addition  to  those  mentioned  in  the  following  table,  we 
may  also  name  bromine,  iodine,  nitrous  oxide,  nitric  oxide,  vapors 
of  alcohol  and  of  the  volatile  oils,  etc.,  as  interfering  with  its  slow 
combustion.* 


Proportions  in  lohich  certain  Gases  stop  the  slow  Combustion  of 
Phosphorus  in  Air  at  ordinary  Temperatures  and  Pressures. 


Name  of  the  Gas. 

Proportions  in  the 
air  by  Tolume. 

Temperature  -when  the 
luminosity  ceases. 

Sulphuretted  hydrogen.-.    ..  .. 

Sulphurous  acid  

Chlorine  

Do  

Ether   

defiant  gas  

Phosphoretted  hydrogen 

Naphtha  

Oil  of  turpentine  

Bisulphide  of  carbon   

1 

T 
J 

1  r 
1 

2  3 
1 

T-Jo 

1 

1 

lOOO 

I 

Tsao 
Merest  trace. 

P. 

660 
44-9 
53-9 
66-8 
66-8 
65-8 
65-8 
65-8 
65-8 
97-0 

C. 

18-9 
7-2 
12-2 
18-8 
18-8 
18-8 
18-8 
18-8 
18-8 
36-1 

Quantities  of  Vajwr  required  to  check  the  Luminosity  of  Phosphorus 
in  Air  at  elevated  Temperatures. 

Gas,  or  Vapor. 

Proportions  in  the 
air  by  volume. 

Temperature  at  which 
Oxidation  ceases. 

Olefiant  gas  

Ether  .... 
Do.       ...                "  '* 
Naphtha  ..  .. 
Turpentine   

i 

P. 

199-9 
214-1 
219-9 
169-8 
185-9 

C. 

93-3 
101-2 
104-4 
76-6 
85-5 

*  "With  a  large  amount  of  naphtha  and  turpentine,  phosphorus  may  bo  distilled 
V(  ithout  firing. 
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The  oxidation  of  phosphorus  in  air,  at  ordinary  temperatures,  may  be 
so  rapid  as  to  effect  combustion,  more  particularly  if  the  phosphorus  be 
in  a  finely  divided  state.  We  may  note  that  phosphorus  flames  do  not 
spread,  owing  to  the  phosphoric  acid  generated  as  the  product  of  com- 
bustion, collecting  on  neighbouring  objects.  Phosphorus  combines 
with  nascent  hydrogen  to  form  phosphoretted  hydrogen. 

Action  of  Water. — Phosphorus  does  not  form  a  hydrate  with  water, 
but  when  preserved  for  some  time  under  water,  phosphorous  acid  and 
phosphoretted  hydrogen  are  produced  (P2  +  3H20=H3P03  +  PH3). 

Action  of  Haloids. — The  haloids  attack  phosphorus  instantly.  If 
iodine  and  phosphorus  be  brought  into  contact,  they  at  once  ignite. 
Brodie  has  shown  that  if  a  little  iodine  be  added  to  yellow  phosphorus, 
melted  in  an  atmosphere  of  carbonic  anhydride,  it  will  convert  an 
almost  unlimited  quantity  of  the  yellow  into  the  red  amorphous  variety. 
This  result  depends  on  the  formation  of  an  iodide  of  phosphorus,  the 
phosphorus  of  which  compound  is  amorphous.  This  iodide  is  decom- 
posed as  soon  as  formed  by  the  yellow  phosphorus  to  make  more 
iodide,  which  is  again  decomposed,  the  action  proceeding  indefinitely, 
until  the  whole  of  the  yellow  is  converted  into  the  red  allotrope. 

Phosphorus  combines  with  sulphur,  selenium,  and  the  metals  (gold  and 
platinum  not  excepted)  when  heated  with  them.  A  platinum  dish, 
if  constantly  used  for  igniting  organic  substances  containing  phos- 
phates, becomes  rough.  The  presence  of  phosphorus  in  iron  or  copper, 
effects  considerable  alteration  in  their  properties. 

Action  on  Metallic  Solutions. — Phosphorus  reduces  the  salts  of  many 
of  the  metals,  such  as  those  of  gold,  silver,  copper,  platinum,  etc.,  but 
it  has  no  action  on  the  salts  of  lead,  iron,  zinc,  antimony,  arsenic  or 
manganese. 

Action  of  Acids. — Hydrochloric  acid,  hot  or  cold,  has  no  action  on 
phosphorus.  Sulphuric  acid  in  the  cold  has  no  action  .  on  phosphorus, 
but  Avhen  heated  with  it  the  acid  is  decomposed  (3H2S04  +  P2= 
2YL^0 3  {phosphorous  actVZ) -j- SSOg).  Sidphurous  acid  is  also  decom- 
posed by  it.  Nitric  acid  oxidises  it  with  the  formation  of  phosphoric 
acid  and  the  evolution  of  the  lower  nitrogen  oxides  (GHNOj  +  Pz^ 
2Il3POi(phos2ohoric  acid)  +  2N2O4  +  2N0). 

Action  of  Alkalies  and  Alkaline  Earths.  —  When  phosphorus  is 
heated  in  contact  with  the  alkalies  and  alkaline  earths,  it  forms 
alkaline  or  earthy  hypophosphites,  phosphides,  phosphates,  etc.  If 
the  vapor  of  phosphorus  be  passed  over  lime  heated  to  redness,  a 
chocolate  red  powder  (a  mixture  of  calcic  phosphide  and  calcic  pyro- 
phosphate) is  formed  : — 

14P       +  14CaO  =         2Ca2P207       +  SCagPj 
Phosphorus     -f-    Lime     =    Calcic  pyrophosphate    +     Calcic  phosphide. 

If  phosphorus  be  boiled  with  caustic  soda  or  potash,  phosphoretted 
hydrogen  is  evolved,  and  a  hypophosphite  is  formed  :— 
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3KH0  +  +    3II2O  =    3KH2PO2      +  PH3 

Potassic    +    Phosphorus    +    "Water    =    Potassic  hyiDo-     +  Phosphoretted 

bydi'ite  phosphite  hydrogen. 

Heated  to  redness  Avith  sodic  carbonate,  phosphorus  effects  a  reduc- 
tion of  the  carbonic  anhydride,  whereby  carbon  is  liberated. 

Phosphorus  has  no  action  on  dead  mucous  membrane,  unless  both  be 
freely  exposed  to  the  air,  when  the  phosphorus  softens,  discolors, 
and  in  time  dissolves  the  tissue. 

The  red  variety  is  not  characterised  by  auy  of  the  reactions  already 
described.    It  is  singularly  negative  in  its  chemical  properties. 

Tests-— 1-  Odor. — This  may  be  recognised  in  very  dilute  solutions. 

2.  Property  of  Fuming  in  the  Air  and  Shining  in  the  Dark. — These 
effects  are  only  manifest  when  the  phosphorus  is  examined  either  in 
the  dry  state,  or  in  solution  in  water,  vinegar,  or  in  the  fixed  oils,  the 
luminosity  being  intensified  by  the  application  of  heat.  It  is  not  mani- 
fested when  it  is  dissolved  in  ether,  carbon  disulphide,  alcohol,  turpen- 
tine, or  in  the  volatile  oils,  until  the  solvent  has  completely  evaporated. 

3.  Faculty  of  Euolving  Ozone,  etc.,  in  Damp  Air. — This  may  be 
known  by — 

(a.)  A  solution  of  argentic  nitrate  becoming  black. 

(/3.)  Starch  and  potassic  iodide  becoming  blue. 

(y.)  Litmus  paper  being  first  reddened  and  afterwards  bleached. 

(2.)  The  protosalts  of  manganese  being  discolored. 

4.  Color  of  the  Flame  and  the  Products  of  Combustion. 

5.  Action  on  certain  Metallic  Compounds:  — 

(a.)  Solid  phosphorus  reduces  metallic  gold,  silver,  copper,  etc., 
from  solutions  of  their  salts. 

Argentic  Nitrate  gives  a  black  precipitate  with  a  solution  of 
phosphorus  ;  cupric  sulphate,  a  brown  precipitate ;  and  mercuric  chloride, 
;i  precipitate. 

6.  Conversion  into  Phosphoric  Acid.  Boil  the  phosphorus  in  a 
retort  with  twelve  or  fourteen  times  its  weight  of  dilute  nitric  acid 
(Sp.  Gr.  1-200).  Evaporate  the  solution  nearly  to  dryness,  and  dis- 
solve the  residual  phosphoric  acid  in  water.  To  this  solution  the  tests 
proper  to  phosphoric  acid  must  be  applied. 

Uses. — In  Nature  phosphorus  appears  essential, to  animal  and  vege- 
table life.  It  is  found  abundantly  in  brain  tissue,  and  more  particularly 
in  the  sexual  organs  of  both  plants  and  animals.  In  the  Arts  its 
[irincipal  use  is  for  lucifer  matches.  The  wood  is  tipped  either  with 
sulphur  or  with  paraffin  to  render  it  easy  of  ignition,  and  afterwards 
^vith  a  phosphorus  composition,  in  which  case  the  phosphorus  is  usually 
"iixed  with  nitre  on  the  Continent  (silent  matches),  and  with  potassic 
■I'lorate  in  England  (detonating  matches).  The  use  of  safety  matches, 
where  red  phosphorus  is  employed,  is  becoming  extensive.  The 
nutches  are  tipped  with  a  mixture  of  chlorate  and  bichromate  of 
'otash,  red  lead,  and  sulphide  of  antimony,  whilst  the  pa^jer  on  which 
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tliey  have  to  be  rubbed  is  coated  with  a  mixture  of  sulphide  of  anti- 
mony and  amorphous  phosphorus.  It  is  evident  from  their  composi- 
tion that  with  great  friction  it  would  be  possible  to  ignite  one  of 
these  matches  on  an  unprepared  surface.  In  Medicine  phosphorus 
acts  as  a  nervine  tonic  and  aphrodisiac.  It  is  given  in  skin  diseases, 
low  fevers,  phthisis,  etc.  Oleum  Phosphoratmi,  B.P.,  12  grs.  in  4 
fluid  ounces  of  dried  almond  oil ;  Pilula  Phosphori,  B.P.,  phosphorus  in 
balsam  of  tolu  and  yellow  wax. 

COMPOUNDS  OF  PHOSPHORUS  AND  OXYGEN. 


Oxides  or 
Anhydrides. 


Suboxide  of 
phosphorus 


Phosphorous  | 
anhydride  J 
Phosphoric  | 
anhydride  / 
Do. 
Do. 


Formula. 


P,0  (?) 


P.O, 

do. 
do. 


2P,0 


2^5 


5P,0, 


+  Water" 


= Acids  of  Phosphorus. 


+3H,0 

+  H,0 

+2HjO 


+6H,0 


  H,PO, 

HeP,0«  (H3PO3) 

2HPO3  (HPO3) 
afljPO,  (H3PO,) 


H6P,0,3 

HijPio^Sl 

H«P,0,, 


Name  of  Acids. 


Hypophosphorous. 
Phosphoroxis. 

Metaphosphoric. 

Pyrophosphoric. 
Orthophosphoric. 


Hexabasic  Phos- 
phoric. 

Dodecabasic  Phos- 
phoric. 

H3Toophosphoric . 


It  will  be  noted  from  the  above  table — 

1.  That  there  is  no  anhydride  of  hypophosphorous  acid. 

2.  That,  omitting  the  last  three  acids,  of  which  we  know  very  little, 
phosphoric  anhydride  forms  three  acids  by  combination  with  1,  2, 
and  3  molecules  of  water  respectively. 

3.  That  hypophosphorous  acid  (HaPOg),  phosphorous  acid  (H3PO3), 
and  orthophosphoric  acid  (H3PO4)  respectively  contain  3  atoms  of 
hydrogen  in  the  molecule,  but  that  they  differ  as  follows  : — 

(a)  Hypophosphorous  acid  is  Monobasic,  i.e.,  only  1  hydrogen  can  be 

[replaced  by  a  metal. 
(/3)  Phosphorous  acid  is  Dibasic,  i.e.,  2  hydrogens  ditto 
(y)  Phosphoric  acid  is  Tribasic,  i.e.,  3     ditto  ditto 


Suboxide  of  Phosphorus  (P4O)  ? 

This  compound  is  supposed  to  constitute  a  portion  of  the  colored 
residue  left  after  the  combustion  of  phosphorus  in  air.  This  deposit 
is  generally  regarded  as  a  mixture  of  red  phosphorus  with  a  little 

*  These  three  acids  are  said  to  exist,  but  our  knowledge  of  them  is  very  imperfect. 


HYPOPHOSPHOROUS  ACID. 
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phosphoric  acid.  It  is  also  said  to  be  formed  by  acting  on  phosphorus 
with  phosphorous  chloride,  exposing  the  mixture  to  air,  and  afterwards 
boiling  the  mass  in  water. 

Hypophosphorous  Acid,  H3P02= 66. 

The  anhydride  of  this  acid  has  never  been  obtained. 

Preparation. — (l.)  By  decomposing  baric  hypophosphite  with 
sulphuric  acid  : — (a.)  A  baric  hypophosphite  is  first  prepared  by  boiling 
phosphorus  in  a  solution  of  baric  hydrate  (Rose)  :  — 

SBaHgOo  +  +6HoO=  3(Ba,2H2POo)  +  2H3P. 

Baric  hydrate4-Pliosphorus+  "Water  =  Baric  hypophosphite+Phosphoretted  hydi'ogen. 

(jS.)  The  insoluble  baric  hypophosphite  is  then  decomposed  with 
sulphuric  acid,  hypophosphorous  acid  being  set  free  :  — 

3(Ba2H„P02)    +     3H„S04    =     SBaSO*    +  6H3PO2. 
Baric  hypophosphite  +  Sulphuric  acid  =  Baric  sulphate  +  Hypophosphorous  acid. 

2.  By  decomposing  lead  hypophosphite  with  sulphuretted  hy- 
drogen : — 

(Pb2H2P02)      +       H2S      =         PbS  +  2H3PO2. 

Plumbic  hypophosphite  +  Sulphuretted  =  Plumbic  sulphide  +  Hypophosphorous 

hydrogen  acid. 

Properties. — Hypophosphorous  acid  may  be  obtained  as  a  thick 
viscid  liquid  by  careful  evaporation  under  the  receiver  of  an  air-pump, 
yielding  crystals  on  cooling  to  32°  F.  (0°  C).  The  crystals  fuse  at 
67-3°  F.  (17"4°  C).  The  acid  has  a  strong  acid  reaction.  When  heated 
it  is  decomposed,  yielding  phosphoric  acid  and  phosphoretted  hy- 
drogen (2H3P02=H3P04  +  H3P).  It  rapidly  oxidizes  by  exposure 
to  air,  forming  phosphoric  acid  (H3P02  +  02=H3P04).  It  acts  as  a 
powerful  reducing  agent  on  salts  of  gold,  mercury,  etc. 

Hypophosphorous  acid  may  be  known  from  phosphorous  acid  by 
adding  cupric  sulphate  to  the  free  acid  and  heating  the  solution  to 
131°  F.  (55°  C).  With  hi/pophosphoj^ous  acid  a  reddish  black  precipi- 
tate of  cupric  hydride  (CugHg)  is  thrown  down,  which,  when  heated  in 
the  Hquid  to  212°  F.  (100°  C),  is  decomposed  with  the  deposition  of 
the  metal  and  the  evolution  of  hydrogen,  whilst  with  phosphorous  acid, 
the  metal  is  precipitated  and  hydrogen  evolved,  but  no  CujHg  is  formed. 
Further,  hypophosphorous  acid  reduces  the  permanganates  immedi- 
ately, but  phosphorous  acid  only  after  some  time.  When  hypophos- 
phorous acid  is  treated  with  zinc  and  sulphuric  acid,  it  is  converted 
into  phosphoretted  hydrogen. 

Although  the  acid  contains  three  atoms  of  hydrogen,  it  is  never- 
theless monobasic.    Thus  it  forms  salts  as  follows  : — 

(a.)  Salts  of  monad  metals  — e.g.,  K'H2P02. 
(/3.)  Salts  of  dyad  metals  —  e.g.,  Ba"  2(Il2P02). 
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These  salts  are  prepared  by  boiling  phosphorus  in  an  alkaline 
solution — 

(a.)  3HK0  +  P4  +  3H2O  =  3(KH2P02)  +  H,P  ; 
00  3BaO    +  2P4  +  9H2O  =  3(Ba2H2P02)+  2H3P. 

The  hypophosphites  are  used  in  medicine,  as  e.g.,  Calcis  Jiypophosphis, 
B.P.  (Prep.  :  by  boiling  together  lime,  phosphorus,  and  water) ;  and 
Sodce  hypophosiihis,  B.P.  They  are  commonly  used  in  the  form  of 
syrups. 

Phosphorous  Anhydride,  PoO,, =110. 

Synonyms. — Plwsplwrous  Trioxide  ;  Phospliorous  Oxide. 

Preparation. — (l-)  By  the  slow  combustion  of  phosphorus  in  dry 
air  or  in  oxygen, 

(2.)  By  burning  phosphorus  in  a  very  limited  supply  of  air. 

Properties. — There  is  some  doubt  whether  this  body  is  truly  phos- 
phorous anhydride.  For  if  it  be  allowed  to  dehquesce,  air  being 
excluded,  a  neutral  solution  is  obtained  which  does  not  dialyse, 
pointing  to  a  higher  molecular  weight.  By  applying  heat  to  this  liquid, 
however,  a  solution  containing  H3PO3  is  formed,  a  reddish  substance 
separating. 

Prepared  as  directed,  phosphorous  anhydride  is  a  white,  flaky,  non- 
crystalline, inflammable  solid,  very  volatile,  emitting  a  garlic-like  odor. 
It  is  highly  deliquescent,  heat  being  evolved  by  its  combination  with 
Avater  with  the  formation  of  phosphorous  acid.  Phosphorous  acid 
cannot  be  changed  back  to  phosphorous  anbydride  by  heat.  If 
phosphorous  anbydride  be  heated  in  a  sealed  tube,  phosphoric  anhy- 
dride and  free  phosphorus  are  formed  (5P203=3Pj.05-i-P4.) 

Phosphorous  Acid,  H3P03=82. 
Synonym.— Phosphite. 

Preparation.  —  By  the  action  of  water  on  the  phosphorous 
anbydride  (P2O3)  last  described. 

(2.)  By  passing  moist  air  over  phosphorus. 

(3.)  By  the  action  of  chlorine  on  melted  phosphorus  under  hot  water. 
A  phosphorous  chloride  is  first  formed,  which  is  afterwards  decomposed 
by  the  water.    Thus — 

(a.)  P2  +        3CI2        =  2PCI3. 

Phosphorus      +       Chlorine       =       Phosphorous  chloride. 

(/3.)        PCI3        4-3H20=       H3PO3      +  3HC1. 
Phosphorous  chloride   -f-  Water  =  Phosphorous  acid  -f    Hydrochloric  acid. 

(4.)  By  the  action  of  a  saturated  solution  of  cupric  sulphate  on  phos- 
phorus, whereby  an  insoluble  copper  phosphide  is  formed,  phosphorous 
and  sulphuric  acids  remaining  in  solution.  The  removal  of  the 
H2SO4  is  effected  by  precipitation  with  baryta  water. 

(5.)  By  heating  phosphorus  chloride  with  crystallised  oxalic  acid. 


METAPHOSPHORIC  ACID.  jgj 

Properties.  («.)  Se,isible  and  Physical— A  thick  syrupy  liauid 
from  Ayhich  deliquescent  crystals,  fusing  at  158°  F.  (70°  0)  may  be 
obtained.   It  is  decomposed  by  a  heat  of  372°  F.  (180°  C  )  into  phos 
phoric  acid  and  phosphoretted  hydrogen  (4H3P03=3H3P04  +  PH  ^ 

.oif  ^  '^"^'^  ^  P<^^«^-f"l  reducing 

a^ent    Thus  when  phosphorous  acid  is  exposed  to  the  air,  phosphoric 

Itrrf  of  phosphorous  add  on  the  salts  of  ^y 

d,  etc.,  the  metal  zs  reduced.    It  does  not  reduce  copper  salts 

re  nronthr.n  ^Sc!;'""^^  '^P^^'*^^  secondary  action 

ot  the  H,S  on  the  SOo  (2S02  +  2H20  +  6H3P03=2H,S  +  6H,PO  ^ 
Phosphorous  acid  is  a  tribasic  acid.    Thus  it^s  tribt.t  if  tf  e  ^hos- 
ho  ous  ethers,  where,  as  in  triethyl  phosphorous  acid  (C,h1pO 
a    three  hydrogens  of  the    acid  are  replaced  by  alcohol  rad  cal  ' 

table.    Thus  inasmuch  as  one  or  two  hydrogen  atoms  only  of  the 

«  rats " ^  ' 

^  O^her'ii?'^  ^^HP03  as  K  HPO,. 

^     -.1    /  I  M"(HoP03)o. 

(with  dyads)         )     Normal  M"HP03 
To  distinguish  phosphorous  from  hypophosphorous  acid,  ...  page  159. 

Phosphoric  Anhydride  (P205=H2). 

Preparation.-By  burning  phosphorus  in  oxygen  or  in  dry  air 

~  ofheat  on\Xd 

rme^'The  7T  ^^^P^-P^^-  acli  (HPof)  being 

.rtmpit^^^^^^^^^^ 
.--own. 

(li  P  oC?T?^n^'x?^^*    =--^'V-sphoric  acid. 
3'    Fotl^'?r^f'^'  =pyrophosphoric  acid. 
^3.)  P.O,  +  3H,0=2H3PO.  =ortho-  or  common  phosphoric  acid. 

Metaphosphoric  Acid  (HPO3=80). 

Jos^e  W7  ■  ~/f ^/■on.Ayrfro^.n  phosphate 
^0.000);  Glaaalpko,i>horicacid;  Monobasic  phospLic  acid! 
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Preparation  — (1.)  By  dissolving  phosphoric  anhydride  in  cold 
water  (P205  +  H20=2HP03). 

(2.)  By  the  action  of  heat  on  ortho-  or  tribasic  phosphoric  acid, 
whereby  glacial  metaphosphoric  acid  is  formed  (H3P04=H20  +  HP03). 

Properties— A  colorless  fusible  solid,  very  soluble  in  water.  The 
acid  in  solution  changes  to  orthophosphoric  acid  by  attracting  water, 
the  conversion  being  slow  at  ordinary  temperatures,  but  rapid  when 
boiled. 

Metaphosphoric  acid  is  monabasic  and  therefore  forms  one  series  of 
salts  only. 

The  metaphosphates  are  formed  by  the  action  of  heat  either  on  a 
dihydiic  phosphate  of  a  fixed  base  (NaH2P04=NaP03  +  H20),  or 
on  a  monohydric  j^hosphate  containing  one  atom  of  a  volatile  base 
(NH4NaHP04=NH3  +  H20  +  NaP03),  or  on  a  dihydric  pyrophosphate 
(Na2H2P207=HcO  +  2NaP03). 

Tests— Argentic  Nitrate,  a  white  precipitate  (AgPOj). 

(2.)  The  acid  coagulates  albumen. 

Pyrophosphoric  Acid  (H4P207=l78). 

Synonyms— Tetrahydric  pyrophosphate  ;  Hydrogen  pyrophosphate 
(Roscoe).    Diphosphoric  acid. 

Preparation —(1.)  By  heating  orthophosphoric  acid  to  419°  F. 
(215°C.)  (2H3P04=H20  +  H4P207). 

(2.)  By  decomposing  plumbic  pyrophosphate  (PbgPoO;)  with 
sulphuretted  hydrogen  : — 

Pb2P207  +        2H2S       =  2PbS  +  H4P2O7. 

Plumtic  pyrophosphate  +  Sulphuretted  =  Plumbic  sulphide  +  Pyrophosphonc 

hydrogen 

[Plumbic  pyrophosphate  may  be  prepared  by  heating  the  rhombic 

crystals   of   common   sodic   phosphate   (Na2HP04  +  12H20),  when 

anhydrous  sodic  phosphate  (Na2HP04)  is  first  formed,  becoming  by 

further  heat  sodic  pyrophosphate  (Na4P207).    This  change  results 

from  a  combination  of  two  molecules  of  Na2HP04,  and  the  expulsion 

therefrom  of  one  molecule  of  water. 

2Na2HP04       =       Na4P207       +  HgO. 
Common  sodic  phosphate  =  Sodic  pyrophosphate  +  "Water. 

On  dissolving  the  sodic  pyrophosphate  thus  formed  in  water,  and 
adding  plumbic  acetate,  a  plumbic  pyrophosphate  will  be  precipitated 

(PbsPA)-] 

Properties —Pyrophosphoric  acid  solution  evaporated    m  vacuo 
over  sulphuric  acid  deposits  crystals.     It  does  not  coagulate  albumen. 

In  solution,  it  becomes  the  tribasic  acid  (slowly  at  ordinary  tempera- 
tures, but  rapidly  if  heated)  by  absorbing  water. 


PHOSPHORIC  ACID.  jgg 

It  is  a  tetrabasic  acid.  Thus  in  the  sodium  salt,  we  may  have  all 
the  hydrogens  substituted  by  the  metal. 

Tests.— (1.)  Calcic  or  baric  salts;  a  white  precipitate. 

(2.)  Arffentic  nitrate.-  a  white  precipitate  (Ag^P^O^).  If  the  original 
sohition  be  neutral,  it  will  remain  neutral  after  the  nitrate  of  silver 
has  been  added,  no  free  acid  being  liberated. 

Phosphoric  Acid  (H3PO^=98). 

Sjnonyms.-Orthophosphoric  add;  Tribasic  phosphoric  acid  ■ 
Common  phosphoric  acid;  Trihjdric  phosphate ;  Sydric  phosphate. 

Natural  History.-(a.)  in  the  animal  kingdom,  orthophosphoric 
.cid  IS  found  largely  in  bones,  and  in  guano,  which  is  the  partially 
lecomposed  excrement  of  sea  fowl,  and  in  all  parts  of  the  animal  as 
.veil  as  m  all  excretions  and  secretions.  (/3.)  In  vegetables  it  is  an 
'...ential  principle,  "superphosphate  of  their  most 

aluable  foods.  (y.>  la  the  mineral  kingdom  it  is  found  as  phos- 
phorite apatite,  coprolite  (named  under  the  notion  that  it  was 
.0 trifled  dung),  wavellite,  pyromorphite,  etc.   In  all  cases,  however,  it 

lound  m  combination,  and  chiefly  with  lime  and  magnesia. 

Preparation— (1.)  By  dissolving  phosphoric  anhydride  (PcO«)  in 
>  ater,  and  boiling  the  solution. 

(2.)  By  boiling  meta- or  pyro-phosphoric  acid  in  water. 

(3.)  By  boiling  phosphorus  with  dilute  nitric  acid,  the  lower  nitro- 
en  oxides  being  evolved.    (This  is  the  method  of  preparing  acid 
hosphoricum  dilutiim,  B.P.,  Sp.  Gr.  1-08=10  per  cent,  of  P,0^) 
PTT'^.on*^'.^T^f '^"^     ptosphoretted  hydrogen  in  air  or  oxygen 

(5.)  By  decomposing  the  triplumbic  phosphate  ^ith  sulphuretted 
ydrogen  (Pb32PO,  +  3H,S=2H3P04  +  3PbS). 

(6.)  By  the  action  of  water  on  phosphoric  chloride 

(7.)  Commercial  Process.-Bj  decomposing  bone-ash  (Ca3P,0«)  with 
rong  sulphuric  acid,  removing  the  insoluble  calcic  sulphL,  declm- 
'^ing  the  residual  acid  calcic  phosphate  with  carbonate  of  ammonia 

S  toir  •  rf  '^-Vor.iXn.  to  dryness,' 

'utmg  to  get  rid  of  ammonia  and  water,  redissolving  the  residue,  and 

■y  acKl  hquid.  By  evaporation  -  in  vacuo  "  it  may  be  obtained  in 
.n«parentpnsms,  which  deliquesce  in  the  air  and  fuse  ariOl  4°  f! 
tfer   anil         '  ^'  *°  210°  C),  it  loses 

ch  at  a  r^T  .T^    'P'^""'  (2H3PO,=H,PA  + H„0), 

0  +  21IP0  ?       '  ^^^^"^^'^  gl^^^^l '«^^«Pto8phoric  acid  (H,P„6,= 


Orthophosphoric  acid  is  the  phosphoric  acid   of  common  phos- 

M  2 
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phates.    It  is  tribasic,  and  forms  three  classes  of  salts  by  the  sub- 
stitution of  1,  2,  or  3  hydrogens  by  a  metal.  Thus, 

/  M'H  PO.  or  M"2H2PO^,  as  Na'HjPO^,  dihydric  sodic  phosphate 
,     .      q  J        "  (superphosphates). 

1.  AciQ  oaits       ^  ]vi'_^H.PO,or  M"22HP0„  as  Na'^^HPO,,  common  sodic  phosphate. 

2.  Normal  Salt       m[vO,  or  M"32PO„  as  Na'jPO,  trisodic  phosphate. 

When  these  salts  are  heated,  they  lose  water  and  form  other  salts. 
Further,  the  base  need  not  be  necessarily  confined  to  one  metal ;  thus, 
in  microcosmic  salt  (the  sodic-ammonic  hydric  phosphate  for  ex- 
ample, NaNH4HP04,4H20),  we  have  three  different  basyls  in  one 
compound. 

^gg^g.  Reactions  of  ortho-  or  common  phosphoric  acid. 

(a.)  In  a  free  or  combined  state  in  an  acid  solution  : — 
(1.)  Ammonic  molybdate,   a  yellow  precipitate,  when  heated,  of 
ammonic  molybdophosphate,  soluble  in  ammonia, 
(i.)  In  a  combined  state  : — 

(1.)  Lime  or  baryta  ivater,  a  white  precipitate., 
(2.)  Ammonia  and    magnesic    sulphate,    a  white  ^  precipitate  :— . 
(Mg"NH4P04,6H20),  insoluble  in  ammonia,  soluble  in  acids.  This 

ignited  becomes  MgaPaOi.  . .  s     ,  ... 

(3  )  Argentic  nitrate,  a  yellow  precipitate  (Ag3P04),  the  solution, 
although  previously  neutral,  becoming  acid.    Soluble  in  ammonia  and 

in  nitric  acid.  •  <. 

(4.)  Plumbic  acetate  or  meraarous  or  bismuth  nitrate,  white  precipitates 

(Pb32P04).  ^    .  X, 

(5.)  Whitish  yellow  precipitates,  with  uranic  nitrate  ox  ferric  chloride, 

soluble  in  ammonia  and  in  hydrochloric  acid. 

JJ^QS.— In  nature  it  plays  an  important  part  in  animal  and  vegetable 

tlSSllGS*  • 

In  the  arts  it  is  used  in  calico  printing,  and  in  medicine  its  use  is 
indicated  in  such  diseases  as  rickets,  etc. 

[Ammonia  phosphas,  (NH4)2HP04,  is  made  by  adding  ammoma  to 
phosphoric  acid,  and  allowing  the  crystals  to  form.  Calcis  phosphas 
(Ca32P04)  prepared  from  bones  (os  iistum,  B.P.)  as  already  described. 
Sodce  phosphas  (Na2HP04,12H20),  prepared  from  the  acid  phosphate 
of  calcium,  by  the  addition  of  sodic  carbonate  (Ca2HjP04  +  NajCUs 
=Na2HP04  +  H20  +  C02  +  CaHP04).  Ferri  phosphas  (Fe32P04)  pre- 
pared by  adding  sodic  phosphate  and  acetate  to  ferrous  sulpbate 
(3FeS04  +  2Na,HP04  +  2NaC,H30,  =  Fe32P04  +  3Na,S0. 
+  2C2H4O2).  Acidum  phosphoricum  dilutum,  prepared  by  the  action 
nitric  acid  on  phosphorus.] 

General  Eemarks  on  the  Acids  of  the  Oxides  of  Phosphorus. 

It  will  be  convenient  here  to  generalise  on  the  acids  of  the  oxides  of 
phosphorus. 


THE  OXIDES  OF  THOSPHOEUS. 
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1.  There  are  three  modifications  of  phosphoric  acid,  viz.  :  

(a.)  Meta-  or  monohydric  or  monobasic  phosphoric  acid — HPO3,  or 
HoO.PgOs. 

Pjro-  or  tetrahydric  or  tetrabasic  phosphoric  acid — H4P0O7 
or  SHaCPgOs. 

(7.)  Ortho-  or  trihydric  or  tribasic  phosphoric  acid  —  H3PO4,  or 

3H20,P205. 

2.  These  acids  may  be  severally  prepared  by  passing  sulphuretted 
Jijdrogen  through  water  containing  the  corresponding  silver  or  lead 
.^alt  in  suspension.  Thus, 


(a.)    2AgP03  + 

A]-gentic  meta-  + 
phosphate 

(/3.)    Ag,P„07  + 

Argentic  pyi-o-  + 
phosphate 

(y.)    2Ag3P04  + 

Argentic  Ortho-  + 
phosphate 


Sulphuretted 
hydrogeu 

2HnS 

Sulphuretted 
hydrogen 

3H2S 

Sulphuretted 
hydrogen 


2HPO3  +  AgoS. 

Metaphosphoric  +  Argentic 

acid  sulphide. 

H4P2O7  +  SAgaS. 

Pyi-ophosphoric  +  Argentic 

acid  sulphide. 

2H3PO4  +  SAggS. 

Orthophosphoric  +  Argentic 

acid  sidphide. 


3.  (a.)  The  solution  of  P2O5  in  cold  water  forms  Metaphosphoric 
icid,  HPO.,. 

(^•)  This  solution    (other  hydrates   being    present)   on  boiling 
lecomes  PyrophosphoiHc  acid,  H4P2O7, 
(y.)  Which  on  prolonged  boiling  yields  Orthophosphoric  acid,  H3P0^. 

4.  These  acids  are  distinguished  from  one  another  by  their  reactions 
'U  albumen,  on  argentic  nitrate,  and  on  baric  nitrate  as  follows  : — 


On 
Albumen. 

On  Argentic  nitrate. 

On  Baric  nitrate. 

a.)  Metaphospho- 
ric acid 

3.)  Pyrophospho- 
ric  acid 

•/•)  Orthophospho- 
ric acid  . 

Coagulates 
No  action 

No  action 

White  gelatinous  ppt.  (AgP03). 

No  ppt.  unless  rendered  alka- 
line, when  it  gives  a  white 
ppt.  (Ag.PA). 

rso  ppt.  unless  rendered  alka- 
line, when  it  gives  a  yellow 
ppt.  (AggPO,). 

"SNTiite  ppt. 

No  ppt.  unless  alba- 
line,  when  it  gives 
a  white  ppt. 

Ditto  ditto. 

5.  These  acids  form  corresponding  salts  as  follows  : — 
(a.)  Metaphosphates,  or  monophosphates — 

(/3.)  Pyrophosphates,  or  tetraphosphates— 


M',P,0,   INa'.PjO^  +  lOH^O. 
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(y.)  Orthophosphates,  or  triphosphates — 

/NaH2P04,H20. 
Na2HP04,12H20. 
Na,P04,12H20. 

(  Ca32P04. 
V  Ca"H42P04. 

6.  All  forms  of  phosphates  may  be  converted  into  tribasic  phos- 
phates by  fusion  with  an  alkaline  hydrate  or  carbonate. 

7.  It  will  be  noted  that  if  water  or  ammonia  (these  being 
volatile)  enter  into  the  composition  of  the  salts,  heat  will  convert 
an  orthophosphate  into  a  pyrophosphate,  and  a  pyrophosphate  into  a 
metaphosphate.    This  will  be  better  seen  as  follows  : — 

(1.)  Disodio  hydric  orthophosphate  when  heated  becomes  Sodie  pyrophosphate. 

(Na20)jHjO,Pi,Os  (Na20),P20s. 
{2.)  Sodic  hydric  pyrophosphate  „  „        Sodic  metaphosphate. 

Na,,0,H,0,P205  Na^O.PjOs. 
{3.)  Sodic  ammonic  hydric  orthophosphate         „  „        Sodic  metaphosphate. 

Na,0,(NH,)20,H,0,Pi,05  Na^O.P.O,. 
(Microcosmic  salt) 

8.  The  reaction  of  the  several  salts  after  the  addition  of 
argentic  nitrate  is  important : — 

(a.)  A  solution  of  metaphosphate  of  soda  (NasOjPsOs  or  NaPOa) 
is  slightly  acid.  On  adding  argentic  nitrate,  a  white  gelatinous  preci- 
pitate is  thrown  down,  and  the  solution  becomes  neutral,  thus— 

NaPOs       +      AgN03     =         AgPOs         +  NaNOs- 
Sodic  metaphosphate  +  Argentic  niti-ate  =  Argentic  metaphosphate  +  Sodic  mtrate. 

(/3.)  A  solution  of  sodic  pyrophosphate  (2Na20,P205,  or  Na4P207)  is 
alkaline.  On  adding  argentic  nitrate  a  white  precipitate  is  thrown  down, 
and  the  solution  becomes  neutral.    Thus — 

Na4P20r     +     4AgN03    =        Ag4P20,        +  ^^^^^^^Z 
Sodic  pyrophosphate  +  Argentic  mtrate  =  Argentic  pyi-ophospb ate  +  Sodic  nitrate. 

(y.)  A  solution  of  sodic  orthophosphate  (NaO,2H20,P205  or 
Na2HP0,)  is  alkaline.  On  adding  argentic  nitrate  a  yellow  precipitate 
is  thrown  down,  and  the  solution  becomes  acid.  Thus 

NagHPO^  +    3AgN03  =    Ag3P04      +  2NaN03  +  HNO3. 
Sodic       +       Argentic    =       Argentic       +       Sodic       +  Nihic 
orthophosphate  mtrate  orthophosphate  mtrate  ai-ii^- 

9.  Other  varieties  of  phosphates  have  been  described  by  Fleit- 
maun  and  Henneberg  : — 

(a.)  By  heating  together  one  molecule  of  sodic  pyrophosphate  and 
two  of  metaphosphate,  a  salt  is  obtained  consisting  of  2Na3P04,P«05- 
(Sodium  salt  of  hexabasic  phosphoric  acid,  H6P4O13). 

(/3.)  By  heating  one  molecule  of  pyrophosphate  with  eight  0 
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metapliospbate,  a  salt  is  obtained  consisting  of  4Na3P04,3P205. 
(Sodium  salt  of  dodecabasic  pbospboric  acid,  H^gl^ioOai)- 

Corresponding  silver  and  magnesinm  compounds  bave  been  obtained. 

These  compounds  are  very  unstable,  quickly  becoming  mixtures  of 
pyrophosphate  and  metaphosphate. 


COMPOUNDS  OF  PHOSPHORUS  WITH  THE  HALOIDS,  &c. 


With  Chlorine. 

"With  Bromine. 

"With  Iodine. 

With  Fluorine. 

Diiodide  PL 
Triiodide  PI3 

Pentafluoride  PFj 

Trichloride  . .  PCI3 
Pentaehloride  PCI5 
Oxytrichloride  POCI3 

Sulphotriihlo- 
ride  ..     ..  PSCI3 

Tribromide  ..  PBrj 
Pentabromide  PBfj 
Oxyti'ibromide  POBrg 

Sulphoti-ibro- 
mide  . .    . .  PSBrg 

Phosphorous  Chloride,  PCI3. 

Molecular  iveight,  137-6.    Molecular   volume,   j    |    \.  Specific  gravity 
of  liquid,  1-613  ;  of  vapor,  4-79.    Boils  at  168-8°  F.  (76°  C). 

Synonyms. — Trkldonde  or  TercMoride  of  Fhosphoms. 

Preparation,  (l.)  Bypassing  phosphorus  vapor  over  heated  mer- 
curic chloride  (corrosive  sublimate). 

(2.)  By  the  action  of  chlorine  on  dry  melted  phosphorus  (Pg  +  SClo 
=2PCl3). 

Properties.  —  A  transparent  colorless  volatile  liquid,  soluble  in 
lenzol  and  in  carbon  disulphide.  It  dissolves  phosphorus  and  ab- 
sorbs chlorine  freely,  forming  PCI5.  It  does  not  solidify  at  —175°  F, 
115°  C).  At  its  boiling  point,  165-2°  F.,  (74°  C.)  it  absorbs  oxygen, 
forming  POCI3.  It  is  decomposed  by  sulphuretted  hydrogen  (PCI3  + 
iH:28=6HCl  +  P2S3)  by  alcohol,  by  ether,  and  by  a  large  excess  of 
>vater,  in  the  latter  case  hydrochloric  and  phosphorous  acids  being 
>roduced.    If  hot  water  be  used  the  re-action  is  very  violent : — 

PCI3  +   3H2O  =        3HC1         +  H3PO3. 

PhosphoroTia  chloride  +    Water    =    Hydrochloric  acid  +  Phosphorous  acid. 

Phosphoric  Chloride,  PCI5. 

Molecular  weight,  208-5.  Molecular  volume,  below  302°  F.  (150°  C.)  |~~|  ^| 
Specific  gravity  of  vapor  at  572°  F.  (300°  C),  3-654. 

^T^OnyTm—Pentachlonde  or  PercUoride  of  Phosphorus. 
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Preparation. — (l-)  By  the  action  of  chlorine  either  on  dry 
phosphorus    in   an   exhausted  flask,  or  on    phosphorous  chloride 

(PCl3+Cl2=PC]5). 

(2.)  By  passing  chlorine  through  a  solution,  artificially  cooled,  of 
phosphorus  in  carbon  disulphide.  The  solution  is  afterwards  evapo- 
rated to  dryness. 

Properties. — white  deliquescent  crystalline  solid,  volatile  (before 
melting)  at  212°  F.  (100°  C).  At  a  temperature  above  302°  F.  (105°  C.) 
it  dissociates  into  PCI,  and  Clg.  Thus  at  high  temperatures  its  vapor 
density  is  one-half  that  required  by  the  formula  PCI5.  It  is  worth 
recording  that  Wurtz  determined  the  vapor  density  of  PCI5  by  vola- 
tilising it  in  an  atmosphere  of  PCI3,  by  which  means,  to  a  great 
extent,  he  prevented  dissociation.  It  may  be  fused  under  pressure  at 
298°  F.  (148°  C).  It  burns  when  passed  into  a  flame,  chlorine  and 
phosphoric  anhydride  being  formed.  It  combines  with  ammonia.  It 
is  decomposed  by  an  excess  of  water,  hydrochloric  and  phosphoric 
acids  being  formed  : — 

PCI5  +  4H2O  =         5HC1  +  ■H3PO4. 

Phosplioric  chloride    +    "Water    =    Hydrochloric  acid    +    Phosphoric  acid. 

In  the  laboratory  it  is  largely  used  in  the  investigation  of  organic 
compounds  on  account  of  its  power  of  effecting  the  substitution  of  Clj 
in  certain  compounds  for  O. 

When  acted  on  with  acids  or  with  alcohols,  chlorides  of  the  radicals 
of  the  said  alcohols  and  acids  result.  Thus  CoH3(H0)  (Ethylic 
Alcohol)  becomes  C2H5CI  (Ethylic  Chloride). 

Phosphoric  Oxychloride,  POCI3. 

Molecular  weight,  153'5.    Molecular  volume,  \    |    I.     Specific  gravity 
of  liquid,  1-7  ;  of  vapor,  5-298.     Boils  at  230°  F.  (110°  C). 

Synonyms. — Pkosphoryl  Chloride  or  Trichloride;  Oxytrichloride  of 
Phosphorus. 

Preparation. — (!•)  By  the  slow  action  of  a  small  quantity  of  water 
on  phosphoric  chloride  (PCl5  4-H20=POCl3  +  2HCl). 

(2.)  By  passing   oxygen    through  boiling  phosphorous  chloride 

(PCl3  +  O=POC1.0. 

(3.)  By  heating  together  in  a  sealed  tube  phosphoric  chloride  and 
phosphoric  anhydride  (3PCl5  +  P205=5POCl3). 

(4.)  By  heating  oxidized  compounds,  such  as  an  organic  acid  (oxalic 
or  boric  acid),  with  phosphoric  chloride  (Gerhardt)  (3PCl5  +  2H3B03= 
3POC13  +  6HCH-B203). 

Properties.    A  volatile,  limpid,  fuming  liquid,  solidifying  at  1 4°  F. 
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(-10°  C.)  boiling  at  230°  F.  (110°  C),  decomposed  by  water  into 
hydrochloric  and  phosphoric  acids  (POCls  +  SHaOr^HsPOi  +  SHCl). 

The  importance  of  this  compound,  as  well  as  of  the  other  chlorides 
of  phosphorus,  depends  on  its  action  in  producing  various  organic 
substitution  products. 

The  body  P2O3CI4  {pyrophosphorylic  chloride)  a  fuming  liquid  having 
a  sp.  gr.  of  1-58  has  been  described.  It  is  prepared  by  passing  nitric 
peroxide  into  phosphorous  chloride.  With  water  it  forms  phosphoric 
and  hydrochloric  acids,  and  with  phosphoric  chloride,  the  phosphoric 
oxychloride  (POCI3). 

The  bromides  and  oxybromide  of  phosphorus  correspond  in  all 
respects  to  the  chlorine  compounds.    POBrg  boils  at  383°  F.  (195°  C). 

OTHEE  COMPOUNDS  OF  PHOSPHORUS  AND  THE 

HALOIDS. 

The  Biniodide  of  Phosphorus  (PI2)  is  prepared  by  adding  2 
atoms  of  iodine  to  1  atom  of  phosphorus  dissolved  in  carbonic  disul- 
phide,  and  subsequently  cooling  the  mixture.  It  forms  orange- 
coloured  prismatic  crystals,  melting  at  230°  F.  (110°  C),  and  decom- 
posed by  water.  It  has  no  analogue  amongst  oxygen,  chlorine,  or 
bromine  compounds. 

Phosphorous  Iromide  and  iodide  (PBrg  and  PI3)  are  prepared  similarly 
to  the  phosphorus  biniodide  by  the  use  of  proper  atomic  proportions 
of  the  constituents.  The  iodide  forms  dark  red  deliquescent  six-sided 
plates,  melting  at  130°  F.  (55°  C),  and  the  bromide  yellow  crystals 
melting  to  a  red  liquid. 

[Note  the  importance  in  these  reactions  of  using  atomic  proportions. 
See  also  the  preparation  of  amorphous  phosphorus  by  the  action  of 
iodine  on  yellow  phosphorus.] 

Phosphoric  Fluoride  (PF5)  is  formed  by  the  action  of  arseuious 
fluoride  on  phosphoric  chloride  (5AsF3  +  3PC]5=5AsCl3  +  3PF5.)  It 
is  a  colorless  non-inflammable  gas,  decomposed  by  water  (PF5-I-  4H20= 
H3P04-1-5HF),  but  not  decomposed  by  electric  sparks.  It  combines 
■with  ammonia  (5NH3,2PF5). 

Other  compounds  of  oxygen  and  the  haloids  with  phosphorus 
have  been  described,  viz.,  pyrophosphoryl  chloride  (P2O3CI4),  phosphor- 
ous bromochloride  (PCl3Br2),  phosphoryl  chlorobromide  (P0Cl2Br),  jjAos- 
phorous  sulphobromochloride  (PSClaBr),  etc. 

Phospham  (PNgH). 

Preparation. — By  saturating  phosphoric  chloride  (cooled  by  a 
^eezmg  mixture)  with  ammonia  gas,  a  white  saline  mass  is  obtained. 
This  is  now  heated  in  a  current  of  COg,  until  all  the  sal-ammoniac 
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is  sublimed.  The  residue  constitutes  Fhospham  (PCI5  +  7NH3= 
5NH4CI  +  PN2H).  (Gerhardt.) 

Properties. — A  yellowish -white,  bulky,  amorphous  powder,  temed 
phosphide  of  nitrogen  by  Rose.  Rose  overlooked  the  presence  of 
hydrogen,  phospham  being  unaffected  by  chlorine,  and,  provided  no  air 
be  present,  undergoing  no  change  on  being  heated  to  redness. 

Action  of  Ammonia  on  Phosphorus  Compounds. 

Pliospham-imide  [P0(NH)(NH2)]  is  formed  as  a  compound  insoluble 
in  water,  by  the  action  of  ammonia  on  phosphoric  chloride  (PCI5  + 
7NH3  +  H20=P0(NH)(NHo)  +  5NH4CI). 

Phosjilioric-oxy-Tnamide  [PO(NH2)3]  is  formed  by  the  action  of 
ammonia  on  the  oxychloride  (POCl3+6NH3=PO(NH2)3  +  3NH4Cl) 
the  body  PON  (phosphoryl  nitride)  remaining  after  ignition. 
The  compounds  PgOsCNHay^HO  (pyrophosphotriamic  acid)  and 
P203(NH2)c(HO)2  and  Po03(NH2)(HO)3  are  also  known,  besides  other 
bodies,  such  as  PO(NH2)3  (phosphoryl  triamide)  and  P0(NH)(NH2) 
(phosphamide). 


CHAPTER  VIII. 


SULPHUR— SELENIUM— TELLURIUM. 

SuLPHUK. — Compounds  of  Sulphur  -with  Oxygen  and  Hydrogen — Sulphurous  anhy- 
dride and  acid — Sulphuric  anhydride  and  acid  —  Persulphuric  Anhydride — 
Thiosulphuric  acid  —  Dithionous  and  Dithionic  acids  —  Trithionic  acid  — 
Tetrathionic  acid — Penlathionic  acid— Compounds  of  Sulphur  and  Chlorine — 
Compounds  of  Sulphur,  Oxygen  and  the  Haloids — Compounds  of  Sulphur  and 
Phosphorus.  Selenium. — Compounds  of  Selenium  and  Oxygen.  Tellukium. — 
Compounds  of  Tellurium  and  Oxygen. 

SULPHUR  (S). 

Atomic  weight,  32  {inore  accurately  31-98].  Molecular  weight,  64.  Molecular 


volume  at  1000°  C.  |    |    \,  but  at  its  boiling  point  only  one-third  of 


this.  Atomicity,  Hexad  (SO3),  Tetrad  (SOo),  Dyad  (HgS).  Specific 
gravity  of  solids,  various  ;  of  vapor,  at  900°  F.  (482-2°  C),  6-617, 
and  a<  1904°  F.  (1040° C),  2-23;  melts  at  239°  F.  (115°  C);  boilsal 
836°  F.  (446°  C). 

Sjnionyins.  —  Pyrites  {wvp  fire)  ;  Brimstone  {Brennstein,  burning 
stone);  Sidphur  (sal  salt,  and  Tvp  fire). 

History.— Sulphur  was  known  in  early  times.  It  is  mentioned  by 
Moses,  Homer,  and  Pliny,  and  is  referred  to  by  Geber  as  one  of  the 
principles  of  nature.  It  was  considered  by  the  alchemists  to  constitute 
the  impurity  of  the  baser  metals.  In  the  Middle  Ages  it  was  regarded 
as  the  principle  of  fire,  and  every  combustible  body  was  supposed  to 
contain  it. 

Natural  History. — (a.)  In  the  mineral  kingdom  sulphur  is  found  (1) 
in  a,  free  state  in  many  volcanic  districts,  either  in  yellow  crystals  or 
in  opaque  amorphous  masses  embedded  in  blue  clay  and  in  fissures 
in  gypsum  and  celestine  (virgin  or  native  sulphur).  [When  sul- 
phuretted hydrogen,  steam,  and  air  are  passed  over  calcic  carbonate 
at  212°  F.  (100°  C.)  gypsum  is  formed,  and  sulphur  deposited.]  (2.) 
It  is  found  in  combination  with  hydrogen  as  HgS  in  certain  mineral 
waters  (Harrogate),  and  as  SO2  in  volcanic  exhalations.  It  occurs 
combined  with  the  metals,  as  sxdphides  (FeSg,  iron  pyrites ;  Cn^S.Fe^S-i, 
copper  pyrites;  FhS,  galena  ;  ZnS,  blende;  Sb^S.,,  crude  antimony;  HgS, 
cinnabai-).  (3.)  It  is  also  found  as  sulphates,  as  e.g.,  sulphates  of  lime 
(gypsum,  CaS04)  ;  baryta  (heavy  spa,  BaSO^)  ;  strontia  (celestine 
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SrS04)  ;  magnesia  (Epsom  salts,  MgS04),  aad  8oda  (Glauber  salts, 
NasSOJ. 

(/3.)  lu  the  vegetable  kingdom  it  is  present  in  albumen,  gluten,  etc., 
and  also  in  the  acrid  volatile  oils,  such  as  essence  of  mustard  (C^HsNS); 
whilst  (y,)  in  the  animal  kingdom  it  is  found  as  a  constituent  of  al- 
bumen, fibrin,  and  casein,  also  in  muscular  tissue,  hair,  bile,  etc. 

Preparation. — (l-)  By  simply  melting  out  the  sulphur  from  its 
impurities.    A  loss  of  about  50  per  cent,  results. 

(2.)  By  distilling  the  sulphur  in  earthenware  retorts,  and  allowing 
the  distillate  to  flow  into  water.  This  "  rough  sulphur,  "  as  it  is 
called,  is  redistilled  in  iron  retorts,  and  the  sulphur  collected  either  in 
cooled  brickwork  chambers  {flowers  of  sulphur),  or  as  a  liquid  which  is 
afterwards  cast  into  rolls  {roll  sulphur). 

(3.)  (a.)  By  the  distillation  of  iron  or  copper  pyrites. — The  pyrites  is 
heated  either  in  close  cylinders  when  one-third  of  the  sulphur  present 
is  recovered  (3FeS2=Fe3S4-)- S2)>  or  in  kilns  by  which  oue-half  of  the 
sulphur  is  collected  (3FeS2-l-*502=Fe304-|-3S02-l-3S).  More  than 
one-half  may  be  obtained  if  the  products  be  passed  over  heated 
carbon.  (/3.)  By  distillation  in  the  open  air.  This  is  done  in  the  case  of 
copper  pyrites  as  a  preliminary  stage  to  copper  roasting.  The  pyrites, 
heaped  on  brushwood  and  fired  from  a  central  flue,  is  kept  burning  for 
months,  and  the  sulphur  therefrom  collected  in  pits.  The  sulphur 
prepared  from  pyrites  generally  contains  a  little  arsenic. 

(4.)  By  distilling  the  spent  oxide  of  iron  used  in  gas  purification. 
The  oxide  (Fe203,3I-l20)-l-3H2S=2FeS  +  6H20H20-f-S)  by  succes- 
sive revivifications,*  becomes  charged  with  from  40  to  60  per  cent,  of 
sulphur  (2FeS  +  H20(spent  oxide)  +  03=Fe203  +  H2O -|- S2). 

(5.)  Sulphur  is  also  prepared  from  the  tank  waste  of  alkali  works  : 
— in  other  words,  from  the  residue  of  the  black  ash  (a  mixture  of 
•calcic  sulphide  and  oxide)  after  the  extraction  of  the  sodic  cai-bonate. 
Through  this  waste,  air  is  blown,  athiosulphate  and  a  persulphide  being 
formed.  The  sulphur  is  thrown  down  from  the  solution  with  hydro- 
chloric acid.    {See  Sodic  Carbonate.) 

Varieties. — (l-)  Native  Stdphur. — This  variety  occurs  naturally, 
formed,  uo  doubt,  by  the  action  of  HgS  on  SOg  in  the  presence  of 
moisture  (5SO2  + oH2S=H2S506  (pentathionic  acid)-H4H20  +  5S).  It 
may  also  be  obtained  by  the  spontaneous  evaporation  of  a  solution  of 
sulphur  in  carbon  disulphide.  It  consists  of  transparent  yellow 
crystals  (octahedra),  which  are  unaltered  by  exposure  to  air.  It  has 
a  specific  gravity  of  2-05.  It  fuses  at  239°  F.  (115°  C.)  It  is  the 
most  stable  of  the  sulphur  allotropes,  and  is  the  ultimate  condition 
assumed  by  all  the  other  varieties. 

(2.)  Yellow  Sulphur. — This  variety  may  be  crystallised  by  fusion 

*  By  revivification  the  moist  ferrous  sulphide  is  changed  into  ferric  hydrate  and 
sulphur. 


SULPHUR. 


173. 


(oblique  prisms).  It  is  brownish  yellow  when  first  prepared,  but  is. 
changed  by  exposure  to  air  to  an  opaque  yellow.  This  alteration  is 
attended  with  a  change  of  form  (octahedra)  and  the  evolution  of  heat.. 
It  has  a  specific  gravity  of  1-98.    It  fuses  at  248°  F.  (120°  C). 

(3.)  Ductile  or  Plastic  Sulphcr. — This  is  prepared  by  pouring 
melted  sulphur  into  cold  water.  By  exposure  to  air  it  changes  into 
the  crystalline  variety,  becoming  yellow  and  brittle,  evolving  heat 
during  the  alteration.  A  similar  change  may  be  effected  by  heating 
the  ductile  sulphur  to  230°  F.  (110°  C). 

(4.)  A  Buff  Amorphous  Variety. — This  constitutes  the  insoluble  re- 
sidue that  remains  after  exhausting  the  flowers  of  sulphur,  or  the  ductile 
variety  after  prolonged  exposure  to  air,  with  carbon  disulphide. 

(5.)  White  Variety  (milk  of  sulphur). — This  amorphous  variety  is 
prepared  by  precipitating  a  solution  of  sulphur  in  an  alkali  (an  alkaline 
polysulphide)  with  an  acid  (K2S5  +  2HC1=2KCH-H2S  +  2S2).  It  is 
soluble  in  bisulphide  of  carbon. 

A  Black  Variety  has  also  been  described  by  Magnus,  as  well  as 
one  of  a  red  color,  but  of  these  our  knowledge  is  not  complete. 

These  allotropic  forms  of  sulphur  may  be  thus  tabulated  : — 


1. 

Octahedral. 
Native  or 
Cru  stallized 
from  CSj. 

2. 

Prismatic. 
Yellow 
Sulphur. 

3. 

Ductile  or 
Plastic 
Sulphur. 

4. 

Amorphous 
Sulphur. 

5. 

White 
Amorphoua 
Sulphur. 

Color  ....  1 

Form   1 

Specific  grav. 
Meliing  point 

Action  of  CSj 

Transparent 

yellow. 
Crystals — Oc- 
tahedra with 
rhombic  base. 

2-05. 
1    239° F. 
I  (115°  C.) 

Soluble.  1 

Brownish 
yellow. 

Oblique 
prisois. 

1-98 
248°  F. 
(120°  C.) 
Soluble 
(changed  into 
form  No.  1). 

Deep  amber. 

Plastic  amor- 
phous mass. 

1-95. 
j  Insoluble. 

Buff. 

Amorphous 
powder. 

1-95. 

Insoluble. 

White. 

Amorphous 
powder. 

Soluble. 

Properties. — The  properties  of  sulphur  differ  according  to  the 
variety. 

(a.)  Sensible  and  Physiological. — Sulphur  is  met  with  in  commerce, 
either  as  roll  sulphur  or  as  flowers  of  sulphur.  It  crystallizes  in  two 
distinct  forms  (dimorphous),  viz.,  in  octahedra  and  in  oblique  prisms. 
Ordinary  sulphur  is  yellow,  but  the  colors  of  its  allotropes  are 
various.  Native  sulphur  is  transparent,  but  all  the  other  forms  are 
opaque.  It  has  neither  taste  nor  smell.  Its  medicinal  action  is  mildly 
laxative. 

(/3.)  Physical. — The  specific  gravity  of  the  transparent  crystalline  variety 
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is  2*05;  of  tlie  prismatic  1*98;  of  the  ductile  and  the  amorphom  powder 
1-95.  The  specific  gravity  of  the  vapor  at  900°  F.  (482-2°  C.)  is  6-617, 
whilst  at  1904°  F.  (1040°  C.)  it  is  2-222.  (Deville.)  Thus,  at  1904°  F. 
sulphur  vapor  becomes  dilated  to  three  times  the  bulk  it  occupies 
at  900°  F.  This  fact  is  important.  We  mean  by  specific  gravity  the 
weight  of  a  body  compared  with  an  equal  volume  of  dry  air  at  the 
same  temperature  and  pressure.  Hence  the  actual  temperature,  in  the 
case  of  most  gases  and  vapors,  is  of  no  consequence.  For  example, 
whether  oxygen  be  compared  with  air  at  60°  F.,  or  with  air  at  600°  F., 
so  long  as  both  oxygen  and  air  be  at  the  same  temperature  when  the 
comparison  is  made,  their  weights  relatively  would  be  as  1*1057  to 
1-000.  In  the  case  of  sulphur  vapor,  however,  its  specific  gravity  at 
900°  F.  is  6-617;  that  is,  it  is  six  and  a-half  times  heavier  than  air  at 
900°  F.,  the  atom  being,  therefore,  96  times  as  heavy  as  hydrogen. 
It  follows  from  this  that,  the  atomic  weight  of  sulphur  being  32, 
the  atom  would  only  occupy  |  of  a  volume.  But  at  1904°  F.  its  specific 
gravity  becomes  2-222  ;  that  is,  the  sulphur  vapor  is  about  two  and  a- 
quarter  times  as  heavy  as  air  at  1904°  F.  It  is  evident,  therefore, 
that  sulphur  vapor  is  only  a  true  gas  at  this  higher  temperature,  one 
atom  of  sulphur  occupying  one  volume,  and  being  32  times  the  weight 
of  a  hydrogen  atom. 

Action  of  Heat. — Sulphur  is  a  bad  conductor  of  heat.  When  held 
in  the  hand  it  crackles,  owing  to  unequal  expansion.  It  is  slightly 
volatile  at  ordinary  temperatures,  and  freely  volatile  at  280°  F. 
(137-8°  C).  The  octahedral  variety  fires  at  239°  F.  (115°  C),  and 
the  prismatic  at  248°  F.  (120°  C).  A  slight  phosphorescence  occurs 
when  sulphur  is  heated  to  a  lower  temperature  than  the  point  of 
ignition.    It  boils  at  836°  F.  (446-6°  C). 

The  action  of  heat  on  sulphur  is  remarkable,  and  may  be  ex- 
amined under  the  three  heads  of  (1)  Fluidity,  (2)  Color,  and  (3) 
Form  : — 

(1.)  In  respect  of  Fluidity. — At  a  temperature  of  from  250°  to  280°  F. 
(121°  to  138°  C.)  sulphur  becomes  liquid  ;  at  350°  F.  (170°  C.)  it  be- 
comes thick  and  viscid ;  and  at  500°  F.  (260°  C.)  it  again  becomes 
liquid. 

(2.)  In  respect  of  Color. — The  sulphur  remains  yellow  to  280°  F. 
(137-8°  C).  At  from  280°  F.  to  350°  F.  (138°  to  177°  C.)  it  becomes 
orange  ;  at  from  350°  to  400°  F.  (177°  to  204°  C.)  it  turns  of  a  reddish 
color  ;  at  from  400°  to  500°  F.  (204°  to  260°  C.)  it  becomes  dark 
brown;  whilst  at  600° F.  (316° C.)  it  becomes  black. 

(3.)  In  respect  of  Form.— When  sulphur  is  heated  to  239°  F.(115°  C.) 
and  slowly  cooled,  its  crystals  are  right  prisms;  when  heated  above 
this  temperature  and  cooled  slowly,  it  forms  oblique  prisms;  whilst, 
if  heated  above  500°  F.  (260°  C),  and  then  cooled  rapidly,  it  assumes 
the  elastic  and  amorphous  modification. 
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We  may  state  these  facts  generally  as  follows  : — When  the  sulphur 
is  heated  to  280°  F.  (138°  C.)  it  becomes  liquid.  As  the  heat  is 
continued,  it  gradually  becomes  thick  and  viscid,  until  at  350°  F. 
(176-7°  C.)  the  sulphur  has  become  so  thick  that  it  cannot  be  poured 
out  of  the  vessel  when  inverted.  It  remains  at  this  temperature  for 
some  time,  notwithstanding  the  continuous  application  of  heat.  At 
from  350°  to  500°  F.  its  fluidity  is  restored,  and  it  assumes  a  dull 
Tjrown  color.  If  it  be  now  poured  into  cold  water,  the  elastic  variety 
is  produced.  In  the  change  from  the  elastic  to  the  common  yellow 
modification,  the  heat  absorbed  at  350°  F,  (176'7°  C.)  is  evolved. 
When  the  melted  sulphur  is  allowed  to  cool,  it  passes  through  the 
same  stages  inversely  as  when  heated,  that  is,  it  first  becomes  viscous, 
then  fluid,  and  finally  solid. 

Sulphur  is  a  non-conductor  of  electricity,  becoming  negatively 
electi-ical  by  friction.  All  the  varieties  of  sulphur  are  insoluble  in 
water,  but  are  soluble  in  alcohol,  chloroform,  and  ether,  and  (except- 
ing the  amorphous  modification)  in  turpentine,  chloride  of  sulphur, 
benzene,  the  fixed  oils,  and  more  particularly  in  carbon  disulphide. 

(y.)  Chemical  —  Sulphur  is  combustible  at  from  450°  to  500°  F.  (235° 
to  260°  C),  burning  with  a  blue  flame,  and  forming  SOg.  Air  in  the 
presence  of  moisture  effects  some  oxidation  of  finely  divided  sulphur, 
even  at  common  temperatures.  It  combines  freely  with  all  the  non- 
metals  except  nitrogen,  and  with  all  the  metals  (to  form  sulphides), 
many  of  which  burn  in  its  vapor.  In  its  chemical  relations  it  is 
closely  allied  to  oxygen,  forming  compounds  analogous  to  basic  and 
acid  oxides. 

Chemically,  according  to  Berthelot,  sulphur  may  be  divided  under 
two  heads  : — 

(1.)  Where  it  is  electro-negative,  that  is,  where  it  is  separated  from 
a  compound  at  the  positive  pole  of  the  battery,  as  in  HjS.  This 
form,  which  includes  octahedral  and  prismatic  sulphur,  is  soluble  in 
carbon  disulphide. 

(2.)  Where  it  is  electro-positive,  that  is,  where  it  is  separated  at 
the  negative  pole  of  the  battery,  as  in  SOg  or  in  SjCla-  This  form, 
which  includes  plastic  and  amorphous  sulphur,  is  insoluble  in  carbon 
disulphide. 

Concentrated  nitric  and  sulphuric  acids  act  on  sulphur  slowly,  the 
former  converting  it  into  sulphuric  acid,  and  the  latter  into  sulphurous 
acid.  It  is  changed'into  sulphuric  acid  by  the  action  of  nitric  acid  and 
potassic  chlorate.  The  alkalies  dissolve  phosphorus  Avhen  heated 
with  it,  a  mixture  of  a  hyposulphite  and  a  sulphide  of  the  metal  being 
formed. 

Uses. — Inthem'<s,  sulphur  is  used  in  match-making,  in  the  prepara- 
tion of  vulcanised  caoutchouc,  in  bleaching,  and  in  the  manufacture  of 
gunpowder  and  oil  of  vitriol.    In  medicine  it  is  used  as  a  laxative,  and 
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in  various  forms  of  cutaneous  diseases.  In  the  preparation  of  the 
sulphur  precipitatxm  (milk  of  sulphur),  the  pharmacopceia  directs 
five  parts  of  sulphur  to  be  boiled  in  water  with  three  parts  of  lime. 
Thus,  a  calcium  hyposulphite  and  polysulphide  are  formed  (3CaHo02  + 
6S2=2CaS5+  CaS203  +  SHjO).  The  sulphur  in  the  solution  is  now  pre- 
cipitated with  hydrochloric  acid  (2CaS5  +  CaSoOg  +  6HC1  =  SCaClg 
+  3H2O  +  6S2).  The  sulphurous  acid  set  free  by  the  action  of  the 
acid  on  the  hyposulphite  decomposes  the  sulphuretted  hydrogen  set 
free  by  the  action  of  the  acid  on  the  sulphide  (4H2S  +  2S02=3So 
+  4H2O).  "Milk  of  sulphur,"  however,  is  often  precipitated  by  adding 
sulphuric  acid  instead  of  hydrochloric  acid,  in  this  way  becoming 
largely  adulterated  with  calcic  sulphate  (2CaS5  +  CaS203  +  3H2S04 
=3CaS04-l-3H20  4- 6S2).  This  adulteration  may  be  known  by  a 
residue  of  calcic  sulphate  being  left  on  ignition. 

Sometimes  a  trace  of  arsenic  is  present  in  the  mlphur  sublimatum 
B.P.  (flowers  of  sulphur)  prepared  from  pyrites. 


COMPOUNDS  OF  SULPHUR  WITH  OXYGEN  (SULPHUR 

ACIDS). 


Sulphur 
Oxide  or 
Anhydride. 

Formula. 

+"Water. 

=  Sulphur  Acid. 

Name  of  acid. 

Sulphurous  . . 
Sulphuric 
Persulphuric . . 

SO, 
SO3 

s.o, 

+H,0 
+H,0 

=  H,S03 
=  Hj,SO, 

<^  HS^O 
.H-f  HjS.Os 
§"  HSO 
'^l  H,SA 
H,S,0, 

Sulphiurous  acid. 
Sulphuric  acid. 

Thiosulphuric  acid. 
Dithionous  acid. 
Dithionic  acid. 
Trithionic  acid. 
Tetralhionic  acid. 
Pentathionic  acid. 

Sulphurous  Anhydride,  SO2. 

Molecular  weight,  64.  Molecular  vohme,  \  |  |.  Relative  weight,  32. 
Sjyecific  gravity  of  gas  (0-0693  x  32)  2-  217;  of  liquid,  I'SS.  1  litre 
of  the  gas  weighs  (0  0896x32)  2*867  grms.,  and  100  cubic  inches 
68-576  grains. 

Synonyms. — Sulphur  Dioodde  ;  Volatile  Spirits  of  Sulj)hur ;  Phlo- 
gisticated  Vitriolic  Acid. 

History. — The  irritation  produced  by  burning  sulphur  is  mentioned 
by  Homer  and  Pliny.    It  is  said  to  have  caused  the  death  of  the 
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elder  Pliny  (a.d.  79),  in  his  curious  enquiry  into  the  eruption  of 
Vesuvius.  Its  properties  were  studied  by  Stahl  and  by  Priestley 
(1774),  the  latter  of  whom  determined  its  real  nature  by  burning 
sulphur  in  pure  oxygen. 

Natural  History- — It  is  found  in  the  air  of  volcanic  districts  and 
in  that  of  towns,  in  the  former  case  issuing  from  volcanoes,  and  in 
the  latter  evolved  from  burning  coal,  or  from  trade  operations,  such 
as  roasting  copper  pyrites  and  other  sulphur  ores. 

Preparation-  —  (l.)  By  burning  sulphur  in  air  or  oxygen 
(8+02=S02). 

(2.)  By  heating  sulphuric  acid  with  copper,  mercury,  or  other  metal 
not  evolving  hydrogen  with  sulphuric  acid,  [otherwise  the  SOo 
would  be  mixed  with  hydrogen]  : — 

Cu  +  2H„S0^     =      CUSO4     +  SO2  +  2H2O. 

Copper  +  Sulphuric  acid  =  Cupric  sulphate  +  Sulphurous  anhydride  +  "Water. 
(3.)  By  heating  sulphuric  acid  with  carbon  or  other  organic  body, 
in  which  case  CO2  is  also  evolved:  — 

+    C    =  2SO2  +  CO2  +2H2O. 

Sidphiu-ic  acid  +  Carton  =  Sulphurous  anhydride  +  Carbonic  anhydride  +  Water. 

(4.)  By  heating  together  siUphur  and  manganese  dioxide  : — 
Ss     +        MnOa         =  SO2  +  MnS. 

Sulphur  +  Manganese  dioxide  =  Sulphurous  anhydride  +  Manganous  sulphide. 

(5.)  By  heating  together  (a)  sulphur  and  dehydrated  ferrous  sul- 
phate, or  sulphuric  acid  and  sulphur  [a,  (FeS04+So=FeS+2S0o); 
ft,  (2H2S04+S=3SOo+2HoO)]. 

The  gas  must  be  collected  in  dry  bottles  by  displacement  or  over 
mercury. 

Properties,  (a.)  Sensible.  —  A  colorless  gas,  having  a  strong 
brimstone  odor. 

(/3.)  Physiological— It  rapidly  destroys  life  when  in  a  concentrated 
form.  When  very  dilute  the  irritation  produced  in  the  first  instance 
rapidly  passes  off,  the  animal  becoming  tolerant  of  a  somewhat  large 
quantity.    One  part  in  10,000  parts  of  air  is  destructive  to  plant-life. 


Proportion 
of  SOj  in 
10,000  of  air. 

Physiological  effects  and  chemical  reactions. 

4-34 
2-00 

0-86 
0-1 

Air  irrespirable.    Acta  instantly  on  iodic  acid  and  starch. 
Air  strong  both  to  taste  and  smell.    Acts  on  starch  and  iodic  acid  in 
30  seconds. 

Air  strong  to  smell  and  irritating.    Acts  on  test  paper  in  2  minutes, 
bmell  perceptible.    Acts  on  test  paper  after  some  time. 

(y.)  Physical. — The  gas  has  a  specific  gravity  of  2-217  ;  100  cubic 
mchcs  weigh  68-576  grains.     It  is  freely  soluble  in  water  and  in 
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alcohol.  By  a  pressure  of  three  atmospheres  at  common  temperatures, 
or  by  a  cold  of  44-6°  F.  (7°  C.)  at  two  atmospheres,  it  is  coDdensed 
into  a  transparent  liquid  having  a  specific  gravity  of  l-"38.  Liquefac- 
tion may  also  be  efiected  spontaneously  by  mixing  one  part  of  sulphur 
and  five  parts  of  sulphuric  anhydride  (2S03+S=3S02)  in  a  strong 
glass  tube.  The  liquid  solidifies  at  —105°  F.  (—76°  C).  The  solid 
thus  formed  is  colorless  and  transparent.  At  a  temperature  of  2192° 
F.  (1200°  C.)  or  by  the  action  of  a  beam  of  sunlight  (Tyndall)  sulphu- 
rous anhydride  decomposes,  SO3  being  formed  from  a  part  of  the  un- 
decomposed  SO2  uniting  with  the  oxygen  (3S02=2S03+S). 

Liquid' sulphurous  anhydride  dissolves  bitumen,  phosphorus,  sulphur, 

iodine,  etc. 

SoluhiUty  in  water.— See  Sulphurous  Acid. 

(a.)  Chemical.— The  composition  of  SO2  may  be  determined 
synthetically.  Inflame  a  piece  of  sulphur  (by  electricity)  in  a  known 
bulk  of  oxygen  standing  over  mercury.  Combustion  being  complete, 
the  volume  of  SOo  formed  will  be  found  to  be  identical  with  that  of 
the  oxygen  employed. 

Sulphurous  anhydride  first  reddens  and  afterwards  bleaches  litmus. 
It  will  not  support  the  combustion  of  a  taper.  Most  fire  extinguishers 
contain  sulphur  together  with  resin  and  nitre. 

It  is  a  powerful  reducing  agent,  owing  to  its  tendency  to  become 
oxidised.  When  a  sulphurous  acid  solution  is  heated  in  a  sealed  tube 
to  340°  F.  (171°  C.)  it  yields  free  sulphur  and  sulphuric  acid,  one  por- 
tion of  the  sulphurous  anhydride  becoming  oxidised  at  the  expense  of 
another  portion  (3S02+2HeO=2H2SO,+  S).  It  reduces  nitric  acid 
(2HN03+S02=H2S04  +  N204),  iodic  acid  (setting  free  iodine),  and 
also  chromic,  arsenic,  and  permanganic  acids. 

It  is  a  powerful  bleaching  agent.  It  does  not,  however,  destroy 
the  coloring  matter  (as  in  the  case  of  chlorine,  the  bleaching  action  of 
which  is  due  to  oxidation),  but  merely  forms  colorless  compounds 
with  the  coloring  matters.  The  color  of  the  article  bleached 
with  SO2,  may  be  restored  by  the  action  of  an  alkali  or  of  a  stronger 
acid. 

Action  on  C/t?orme.— Sulphurous  anhydride  combines  with  chlorine 
in  equal  volumes  under  the  influence  of  bright  sunshine,  to  form 
ehlorosulphunc  acid  or  chloride  of  sulphuryl  (SO^Cls),  a  colorless  liquid 
emitting  very  acrid  irritating  vapors.  This  body  does  not  combine 
with  bases.     It   is   decomposed  by  water,    forming  sulphuric  and 

hydrochloric  acids.  . 

NoTE.-m  chloride  of  thionyl  (SOCl^)  formed  by  the  action  of 
hypochlorous  acid  gas  on  a  solution  of  sulphur  in  subchloride  ot 
sulphur,  is  also  decomposed  by  water,  sulphurous  and  hydrochloric 
acids  being  formed.  With  iodine  in  the  presence  of  moisture  (the 
SO2  not  exceeding  0-05  per  cent.)  hydriodic  acid  is  formed  CbUs  + 
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2H2O  +  I2=2HI  +  HoSO^).  The  H^SO^  +  HI,  however,  eSect  mutual 
decomposition  (H2S04  +  2HI=S02  +  Io  +  2H20). 

Action  on  the  Metals. — Sodium  and  potassium  burn  in  sulphurous 
anhydride,  forming  a  mixed  oxide  and  sulphide.  A  similar  result 
occurs  when  iron,  lead,  tin,  or  zinc  are  heated  in  the  gas  (SO0  + 
3Zn=ZnS  +  2ZnO). 

When  sulphurous  anhydride  or  the  acid  is  passed  into  or  mixed  with 
a  solution  of  a  metallic  hydrate,  a  sulphite  is  formed.  It  is  to  be 
noted  that — 

(a.)  If  the  acid  be  in  excess,  an  acid  sidj^hite  (MHSO3)  is  formed 
(KHO  +  SOs^KHSOa),  but  that— 

(/3.)  If  the  hydrate  be  in  excess,  a  normal  or  neutral  sidphite  (M2SO3) 
is  formed  (2KHO  +  S02=K2S03  +  H20). 

Brought  into  contact  with  metallic  peroxides,  sulphurous  anhydride 
forms  sulphates  (Pb02+ S02=PbS04). 

In  the  presence  of  moisture,  sulphurous  acid  decomposes  sulphuretted 
hydrogen,  pentathionic  acid  being  formed  (IOSO2+ 10H2S=5S2  + 
8H2O  +  2H2S5O6).  The  sulphur  thrown  down  during  this  reaction  is 
electro-positive,  and  insoluble  in  carbon  disulphide. 

Uses. — Sulphurous  anhydride ,  is  a  powerful  antiseptic  and  disin- 
fectant. Liquid  sulphurous  acid,  evaporated  rapidly  in  vacuo,  pro- 
duces a  cold  of  — 104-8°  F.  ( — 76°  C). 

Sulphurous  Acid  (H2SO3). 

Water  dissolves  80  times  its  volume  of  sulphurous  anhydride  at  32°  F. 
(0°  C.)  forming  a  sulphurous  anhydride  solution  (Sulphurous  Acid). 
As  a  fact,  no  definite  hydrate  is  known.  The  solution  of  the  gas, 
however,  when  cooled  below  —40°  F.  (—40°  C),  yields  a  crystalline 
hydrate  (H2SO3,  8H2O),  which  fuses  at  39-2°  F.  (4°  C).  Sulphurous 
acid  expels  carbonic  anhydride  from  its  compounds.  It  is  readily 
decomposed  by  heat  into  sulphurous  anhydride  and  water,  and  freely 
absorbs  oxygen  from  the  air,  forming  sulphuric  acid.  In  the  presence 
of  nascent  hydrogen  it  forms  sulphuretted  hydrogen.  It  dissolves 
and  is  decomposed  by  those  metals  which  evolve  hydrogen  with  hydro- 
chloric acid.  It  is  a  dibasic  acid,  forming  two  classes  of  salts,  viz., 
acid  and  normal  sulphites. 

Tests. — (1.)  Its  brimstone  odor. 

(2.)  Starch  and  iodic  acid.    The  SO2  reduces  the  iodic  acid,  the  free 
iodine  turning  the  starch  blue. 

Uses. — In  the  arts  it  is  employed  as  a  bleaching  agent  for  straw, 
wool  and  hair,  nuts,  etc.,  and  also  as  an  '  antichlor  '  to  get  rid  of  the 
excess  of  chlorine  in  goods  bleached  by  that  gas  (SO2  +  2H2O  +  Cl2= 
112^04  + 2HC1).     It  is.  also  used  aa  an  antiseptic,  to  prevent  fer- 
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mentation,  for  '  curing '  vegetable  and  fruit  extracts,  and  as  a  meat 
preservative.  Thus  beer  and  wine  casks  are  first  sulphured.  Its 
chief  use  is  in  the  oil  of  vitriol  manufacture.  It  is  largely  employed 
as  a  disinfectant. 

Sulphuric  Anhydride,  SO3. 

Molecular  weight,   80.    Molecular  volume,  iHj.     Specific  gravity, 
1-95.    Melts  at  60-S°  Y.  (\6°  C).    Boils  at  lUS^  Y.  {^6°  C). 
^ynonymB— Sulphur  trioxide;  Sulphuric  oxide ;  Anhydrous  sulphunc 
ctc^cl 

Prepal-ation— (1 0  By  passing  sulphurous  anhydride  (2  vols.)  and 
oxyo-en  (1  vol.)  either  over  heated  spongy  platinum,  or  through  a  tube 
heat'ed  to  redness  containing  oxide  of  copper  and  sesquioxide  of 
chromium.    The  SO3  is  to  be  condensed  in  a  cooled  receiver  (Wohler) 

(SO2+ 0=803):—  .  1    ,      1  • 

(2.)  By  heating   a  mixture   of   sulphunc   acid   and  phosphoric 

anhydride : — 

H  SO      +         P2O5         =  +  2PHOs. 

Sulphuric 'acid  +Phosphoric  anhydride  =  Sulphmic  anhydride +Metapho8phoric  acid. 

(3.)  By  distilling  Nordhausen  sulphuric  acid,  and  collecting  the  pro- 
ducts in  an  ice-cold  receiver  [(H2SO4,  S03)=H2S04+ SO3]. 

(4.)  By  the  action  of  heat  on  anhydrous  sodic  bisulphate,  prepared 
by  heating  hydric  sodic  sulphate  to  redness  (2NaHS04=Na20,2S03 + 
H2O). 

NaoO,2S03     =       Na2S04        +  SO3. 
Sodic  bbulphato      =      Sodic  sulphate      +      Sulphuric  anhydride. 

Properties  («•)  Sensible  and  Physical.- A  vfhite,  odorless,  asbestos- 
like body,  capable  of  being  moulded  with  the  fingers  It  has  a  spe- 
cific gravity  of  1-95.    It  melts  at  60-8°  F.  (16°  C),  and  boils  at 

114-8°  F.  (46°  C.)  ,  1    .  • 

Two  modifications  of  the  anhydride  are  recorded  :-a  anhydride  is 
formed  hj  rapidly  cooling  the  melted  anhydride,  when  it  solidifies  at 
60-8°  F  (16°  C.)  in  prisms,  and /3  anhydride  by  keeping  the  liquid  tor 
some  time  at  77°  F.  (25°  C),  when  it  solidifies  in  needles  which  melt 

at  or  about  122°  F.  (50°  C).  ^  ^     ,  . 

It  liquefies  by  exposure  to  air,  and  is  decomposed  by  heat  into 

oxygen  and  sulphurous  anhydride. 

I )  ChemicaL-lt  is  not  acid  to  dry  litmus.  It  does  not  burn  the 
dry  skin.  It  dissolves  sulphur,  forming  with  it  definite  compounds. 
It  has  a  great  affinity  for  moisture,  fuming  in  the  air,  and  I^^^sing  when 
dropped  fnto  water,  instantly  forming  sulphuric  acid,  which  cannot,  af  er 
combination,  be  separated  into  water  and  the  anhydride.  With 
ammonia  gas  it  forms  ammonic  sulphamate. 
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SULPHURIC  ACID,  H2SO,=98. 

Synonyms. —  Vitriolic  acid ;  Oil  of  Vitriol ;  Oil  of  SuljyJmr ;  Vitriol; 
jSj)irit,  or  Essence  of  Vitriol ;  Dihydric  Stdphate  ;  Protohydrate  of  Sul- 
phuric acid. 

History. — Probably  known  to  Geber  in  the  8th  century.  It  is 
mentioned  by  Basil  Valentine  (loth  century),  and  was  fully  and 
accurately  described  by  Dornoeus  in  1570. 

Natural  History. — («.)  In  the  mineral  kingdom  it  is  found  in  a 
free  state  in  the  "  vinegar  springs  "  of  volcanic  districts,  and  largely 
in  combination  with  lime,  etc.  (/3.)  In  the  vegetable  kingdom  it  is 
found  combined  with  alkalies  in  the  juices  of  plants  ;  and  (y.)  in  the 
animal  kingdom  it  is  found  to  a  small  extent  free,  as  in  the  salivary 
secretions  of  certain  animals  (Dolium  Galea,  2'7  per  cent.),  and  to  a 
large  extent  in  combination. 

Preparation. — (1-)  Either  by  the  oxidation  of  sulphur  by  boiling 
it  in  aqua  regia,  or  by  its  exposure  to  air  in  the  presence  of  water 
(82  +  302  +  21120=2112804)  ;  also  by  the  oxidation  of  sulphurous  acid, 
either  by  exposure  to  air,  to  oxygen,  or  to  peroxide  of  hydrogen 
(H2803  +  0=H2804). 

(2.)  By  the  action  of  water  on  sulphuric  anhydride  (S03  +  HoO= 
H28O4). 

(3.)  By  the  distillation  of  dry  ferrous  sulphate  (green  vitriol), 
prepared  by  the  oxidation  of  iron  pyrites.  This  is  the  old  plan,  but 
is  still  adopted  at  Nordhausen,  in  8axony.  (Basil  Valentine.)  The 
acid  produced  by  this  process  has  the  formula  £[2804,803.  Colcothar 
(FcgOs)  is  left  in  the  retort  after  the  distillation  is  complete. 

(4.)  By  passing  sulphurous  anhydride  (SOg),  vapors  of  nitric  acid 
(HNO3),  steam  (HoO),  and  air  into  a  leaden  chamber,  so  arranged  as 
to  secure  their  perfect  admixture.  The  passage  of  the  gases  is  effected 
by  a  tall  chimney  connected  with  the  Gay  Lussac  scrubber.  A  shallow 
layer  of  water  covers  the  bottom  of  the  chamber.  (Roebuck,  1720.) 

(a.)  The  sulphirous  anhydride  is  generated  by  burning  either  crude 
sulphur,  or  by  roasting  pyrites  (which  may  contain  30  to  35  per  cent,  of 
sulphur),  or  by  heating  the  spient  oxide  of  gas  works  (which  often  con- 
tains 40  to  60  per  cent,  of  sulphur).  About  95  per  cent,  of  the  sulphur 
thus  employed  is  converted  into  sulphuric  acid. 

(/3.)  The  nitric  acid  is  generated  by  the  action  of  sulphuric  acid  on 
sodic  nitrate.  For  every  100  parts  of  sulphur  about  2  parts  of  sodic 
nitrate  are  required. 

(y.)  The  steam  is  derived  from  a  special  water  boiler.  8prengel  has 
suggested  the  use  of  a  fine  water  spray  whereby  a  certain  saving  of 
fuel  is  effected. 

(0.)  The  air  is  provided  in  due  quantity  by  maintaining  a  constant 
current  through  the  leaden  chamber. 
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Roughly  the  changes  that  occur  may  be  stated  as  follows  :— The 
nitric  acid  in  the  presence  of  moisture  oxidizes  the  sulphurous 
anhydride,  thereby  converting  it  into  sulphuric  acid.  The  nitric  acid 
(HNO3)  becomes,  by  constantly  parting  with  its  oxygen,  nitric  oxide 
(NgOg).  This  nitric  oxide  immediately  takes  oxygen  from  the  air, 
and  becomes  nitric  peroxide  (N2O4),  which  is  again  capable  of  con- 
verting fresh  sulphurous  anhydride  into  sulphuric  acid.  Thus,  theore- 
tically, a  small  quantity  of  nitric  acid  vapor  in  the  presence  of  air, 
should  convert  an  indefinite  quantity  of  sulphurous  anhydride  into 
sulphuric  acid,  the  NgOg  merely  acting  as  the  carrier  of  oxygen  from 
the  air  to  the  SOg- 

The  following  are  the  more  accurate  details  of  the  reaction  : — 

(a.)  The  sulphurous  acid  is  first  oxidized  by  the  nitric  acid,  nitric 
peroxide  being  set  free  : — 

SO2 + 2HN03= H2SO4 + N2O4. 

(/3.)  In  the  presence  of  steam  the  N2O4  becomes  nitric  acid  (HNO3) 
and  nitric  oxide  (NjOg)  : — 

3N204+ 2H2O = 4HNO3  +  N2O2. 

(y.)  The  HNO3  thus  formed,  instantly  oxidizes  more  sulphurous 
anhydride,  and  the  NgOo  takes  oxygen  from  the  air,  becoming  NjO, 
and  N2O4,  which  also  oxidizes  the  SOo,  N2O2  being  re-formed  :— 

N2O3 SO2  +  H20  =  H2S04  +  N2O2. 

This  N2O2  again  becomes  N2O3  and  N2O4,  etc. 

If  little  or  no  steam  be  present  in  the  chamber,  a  white  flaky  crystal- 
line body  (N203,2S03  ?)  is  formed,  produced  by  the  du-ect  combination 
of  nitrous  anhydride  or  nitric  peroxide  with  oxygen  and  sulphurous 
anhydride.  When  this  falls  into  the  water  at  the  bottom  of  the 
chamber,  it  is  decomposed,  sulphuric  acid  being  produced,  and  nitric 
oxide  set  free.  This  latter  coming  into  contact  with  the  air,  im- 
mediately becomes  N2O4,  and  again  forms  fresh  flakes  of  this  white 
crystalline  body  by  combining  with  sulphurous  anhydride.  But  when 
steam  is  present,  this  white  body  is  not  formed,  but  the  sulphuric  acid 
is  at  once  produced,  and  falls  as  a  fine  spray  into  the  water. 

Properly,  nothing  should  escape  from  the  leaden  chamber,  except 
atmospheric  nitrogen.  Such  theoretical  accuracy  is  not,  however,  of 
practical  attainment.  To  guard  against  loss  and  nuisance,  the  outlet 
of  the  leaden  chamber  is  usually  provided  with  two  coke  scrubbers. 
The  first  of  these  (the  Gay  Lussac  tower)  is  kept  moist  with  concentrated 
sulphuric  acid  to  retain  the  oxides  of  nitrogen,  whereby  a  nitrous  sul- 
phuric acid  (or  sulphuric  acid  with  peroxide  of  nitrogen  in  solution) 
is  formed,  and  from  which  the  nitrogen  oxide  is  recovered.  [To 
effect  this  the  nitrous  sulphuric  acid  is  allowed  to  trickle  over 
flints  placed  in  a  scrubber  at  the  inlet,  called  a  Glover's  Tower,  a 
weak  chamber  acid  at  the  same  time  being  allowed  to  mix  with  it. 
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The  nitric  peroxide  being  insoluble  in  a  dilute  acid,  is  therefore  liber- 
ated by  the  admixture,  and  is  carried  by  the  hot  and  free  SOg  (which 
is  also  passed  through  the  tower)  into  the  leaden  chamber.  The  hot 
sulphurous  acid  also  genei'ates  steam  by  contact  with  the  dilute  acid]. 
In  the  second  scrubber  at  the  outlet  the  coke  is  moistened  with 
water,  the  liquor  from  which  is  allowed  to  flow  on  to  the  floor  of  the 
leaden  chamber. 

When  the  acid  in  the  chamber  reaches  a  gravity  of  from  1"45  to  1'6, 
it  is  drawn  off,  since,  if  it  were  allowed  to  become  of  greater  concen- 
tration, it  would  dissolve  nitric  oxide.  This  forms  chamber  acid,  and 
is  used  in  the  salt  cake  manufacture.  The  chamber  acid  is  concentrated 
first  of  all  by  evaporation  in  leaden  pans  until  it  has  a  gravity  of  1*72, 
beyond  which  the  acid  would  seriously  affect  the  lead.  This  forms 
the  brown  acid  of  commerce,  and  is  used  in  the  manufacture  of  super- 
phosphate, and  for  other  rough,  purposes.  It  is  afterwards  distilled  in 
glass  or  platinum  vessels  (the  weak  distillate  being  used  for  the  leaden 
chamber)  until  the  acid  in  the  retort  has  a  gravity  of  1'84:2.  This 
forms  the  English  oil  of  vitriol,  or  O.V. 

Varieties.  — The  anhydride  forms  four  definite  compounds  with 
water. 

(1.)  Nordhausen  sidphuric  acid,  ov  fuming  oil  of  vitriol  (110804,803). 

Synonyms:  Pyrosidphxiric  acid;  Dehydric  distdphate. 

Preparation,  (i.)  By  the  distillation  of  dried  ferrous  sulphate 
(Fe804,HoO),  a  hexabasic  ferric  sulphate  (FcgSOg)  being  first  formed, 
which  by  heat  breaks  up  into  FcgOs  and  8O3. 

(ii.)  By  the  solution  of  sulphuric  anhydride  in  concentrated  sulphuric 
acid. 

Properties.  A  fuming  acid.  8pecific  gravity,  1*9.  It  is  used  for 
dissolving  indigo.  By  a  moderate  heat  it  is  decomposed  into  H2SO4 
and  SO3. 

(2.)  Oil  of  vitriol,  or  true  sidphuric  acid  (H2SO4) .  This  cannot  be 
prepared  by  merely  boiling  down  a  weak  acid,  the  acid  thus  obtained 
always  having  a  composition  of  H2S04,tVH20,  or  12803,13H2O.  By 
exposing  this  strong  acid,  however,  to  a  freezing  mixture,  the  acid, 
having  the  formula  H2SO4,  crystallizes  out.  The  crystals  melt  at  51°  F. 
(10-5°  C),  and  boil  at  640°  F.  (470°  C),  when  the  liquid  gives  off 
sulphuric  anhydride,  the  resulting  acid  solution  having  the  formula 
12S03,13H20. 

(3.)  Glacial  sul];)huric  acid  (H2SO^,H20).  This  is  prepared  by  cooling 
an  acid  of  specific  gravity  1-78  to  47°  F.  (8-3°  C.),when  rhombic  crystals 
of  HoSO^HjO  separate.  It  boils  at  400°  F.  (205°  C),  giving  off  a 
weaker  acid. 

(4.)  Graham's  acid  (H2S04,2H20).  This  is  prepared  by  evaporating 
a  dilute  acid  '  in  vacuo  '  at  212°  F.  (100°  C),  until  it  ceases  to  lose 
weight.    Specific  gravity,  1-62.    It  boils  at  379°  F.  (193°  C). 
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These  facts  are  tabulated  by  Miller  as  follows  : — 


Fomiula. 

Fusing  point. 

Boiling  point. 

Specific 
Gravity. 

°C. 

°F. 

"C. 

°F. 

Sulphuric  anhydride  . . 
Nordhausen  sulphuric  acid    . . 
True  sulphuric  acid,  Oil  of 

vitriol          . . 
Glacial  acid 
Graham's  acid  . . 

SO, 
HjSO^SOa 

H.sq. 

HjSO^.HjO 
HjS0^,2fl20 

18-3 
35-0 

10-5 
8-3 

65 
95 

51 
47 

35 
52-2 

338 
205 
193 

95 
126 

640 
400 
379 

1-95 
1-9 

1-848 
1-780 
1-620 

Impurities,  and  Tests  for  the  Impurities  of  Sulphuric  Acid. 

(1.)  Compounds  of  Oxi/gen  and  Nitrogen  (derived  from  the  nitric  acid 
used  in  the  manufacture), 

Tests. — (a.)  Turns  ferrous  sulphate  an  olive  green  color.  (J3.) 
Bleaches  dilute  indigo. 

(2.)  SulphuroiLS  Acid  (derived  from  the  unoxidised  SOg  in  the 
leaden  chamber). 

Test. — Sulphuretted  hydrogen  is  set  free  when  zinc  is  added  to  the 
acid,  impure  from  this  cause. 

(3.)  Arsenic  (derived  from  the  pyrites). 

Tests.— (a.)  Marsh's  test.  (/3.)  Neutralise  the  acid  with  potassic 
carbonate,  acidulate  with  hydrochloric  acid,  and  pass  sulphuretted 
hydrogen  through  the  solution,  when  the  arsenic  will  be  precipitated  as 
a  yellow  sulphide  (orpiment). 

(4.)  Lead  (derived  from  the  leaden  chamber). 

res«.  — Mixthe  acid  with  about  10  times  its  bulk  of  water,  when 
the  lead  sulphate,  which  is  insoluble  in  a  weak  acid,  will  be  preci- 
pitated. Boil  the  precipitate  in  a  solution  of  sodic  carbonate  ;  filter  ; 
test  one-half  of  the  filtrate  with  potassic  iodide,  and  the  other  half 
with  sulphuretted  hydrogen. 

(5.)  Saline  impurities  (derived  either  from  the  nitre,  or  else  pur- 
posely added  to  increase  the  gravity  of  the  acid). 

Test. — Evaporate  to  dryness  for  residue. 

(6 .)  Carbonaceous  Matter  (derived  from  the  accidental  admixture  of 
the  acid  with  organic  matter). 
Test. — The  color  of  the  acid. 

Purification  of  Sulphuric  Acid. 
Dilute  1  part  of  the  acid  with  5  parts  of  water.  Pass  sulphuretted 
hydrogen  through  the  mixture  for  5  or  6  hours.  Allow  the  solid 
impurities  to  subside,  and  syphon  off  the  clear  liquor.  Mix  this  with 
a  teaspoouful  of  common  salt,  and  distil,  rejectiug  the  first  portion 
that  passes  over. 
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Properties-— (a-)  Sensible. — An  oily  liquid,  without  color  or  smell 
wlieu  pure,  but  ordinarily  more  or  less  colored,  from  dissolved  organic 
matter.  It  is  an  intensely  corrosive  poison.  Tlie  Nordhausen  acid 
differs  from  tlie  other  acids  by  fuming  in  the  air,  owing  to  the  separa- 
tion of  a  minute  trace  of  sulphuric  anhydride. 

(/3.)  Physical. — The  Nordhausen  acid  has  a  gravity  of  1-9.  Dif- 
ferent acids  have  different  gravities,  depending  on  their  respective 
strength.    {See  Table  II.  in  Appendix.) 

Action  of  Heat. — The  boiling  point  of  the  acids  varies.  English  acid 
boils  at  640°  F.  (338°  C.)  ;  the  brown  acid,  at  435°  F.  (224°  C);  and 
chamber  acid,  at  348°  F.  (175-5°  C).  All  the  acids  may  be  frozen  by 
a  cold  somcAvhere  about  —29°  F.  ( — 34°  C),  but  they  require  a  tem- 
perature considerably  above  this  for  their  re-liquefaction. 

The  acid  does  not  volatilise  at  the  ordinary  temperature  of  the  air. 
Hence,  when  a  dilute  acid  is  dropped  on  cloth,  it  becomes  concen- 
trated from  the  gradual  evaporation  of  the  water.  By  warming  the 
cloth  before  the  fire,  the  acid  on  the  fabric  may  be  rendered  sufficiently 
concentrated  to  char  the  cloth. 

When  the  vapour  of  sulphuric  acid  is  heated  to  878°  F.  (470°  C.) 
it  is  dissociated,  that  is,  partially  decomposed  into  SO3  and  HgO,  which 
products  of  dissociation  reunite  on  condensation. 

The  specific  gravity  of  the  vapor  just  above  the  boiling  point  of  the 
acid  is  2-15,  a  number  that  represents  2  volumes,  of  HgO  and  2  volumes 
of  SO3  condensed  into  3  volumes  ;  but  when  the  heat  is  increased  to 
8f8°F.  (470°  0,  these  3  volumes  are  found  to  occupy  4  volumes, 
(i.e.  2  vols,  of  H2O  +  2  vols,  of  SO3  uncondensed),  the  vapor,  at  this 
higher  temperature,  having  a  gravity  of  1-692.    {See  page  15.) 

When  the  acid  is  dropped  upon,  or  the  vapor  passed  over  red-hot 
platinum,  steam,  sulphurous  anhydride  and  oxygen  are  formed.  By 
solution  in  water,  the  steam  and  sulphurous  acid  may  be  absorbed, 
and  the  oxygen  obtained  in  a  pure  state.    {See  page  72.) 

(y.)  CAmzca;.— Sulphuric  acid  is  very  acid  to  litmus.  The  strong 
acid  when  cold,  acts  feebly  on  the  metals,  but  when  boiled  in  contact 
■with  them  (excepting  in  the  case  of  gold,  platinum,  iridium  and 
rhodium)  it  undergoes  decomposition,  sulphurous  anhydride  being 
evolved,  and  a  sulphate  of  the  metal  formed  (M"-|-2H2S04=M"S04-1- 
S02-f-2H20).  When  a  weak  acid  is  poured  on  the  more  oxidizable 
metals  (such  as  zinc,  iron,  etc.)  hydrogen  is  evolved,  and  a  sulphate 
of  the  metal  formed  (Zn-|- 112804=  Ho +  ZnS04). 

Sulphuric  acid  evolves  oxygen  when  added  to  metallic  peroxides, 
but  with  all  oxides  it  forms  sulphates.  The  concentrated  acid  is  also 
decomposed  when  boiled  with  charcoal  or  sulphur,  sulphurous  anhy- 
dride being  set  free. 

The  affinity  of  the  acid  for  water  is  very  great.  It  was  found  (April, 
1870)  that  100  grains  of  acid  (Sp.  Gr.  1'842)  freely  exposed  to  the  air  in 
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a  basin,  absorbed  120  grains  of  water  during  four  days,  its  bulk  being 
thereby  increased  threefold,  and  its  density  lowered  to  1-340.  The 
absorption  of  water,  however,  by  larger  quantities  is  not  in  like  pro- 
portion :— 1,000  grains  of  the  same  acid  freely  exposed  to  the  air  in 
a  similar  manner,  only  absorbed  232  grains  of  water  in  24  hours, 
430  grains  in  48  hours,  580  grains  in  72  hours,  690  grains  in  96 
hours,  and  770  grains  in  120  hours.  The  acid  finally  had  a  specific 
gravity  of  1-310,  this  being  the  point  of  dilution  at  which  both  weak 
and  strong  solutions  of  the  acid  arrive  when  exposed  to  the  air. 
This  explains  the  use  of  the  acid  in  the  laboratory  as  a  desiccating 
and  dehydrating  reagent.  The  charring  of  organic  bodies,  such  as 
sugar,  produced  by  the  action  of  the  acid,  is  due  to  this  affinity  for 
water. 

A  great  rise  of  temperature  and  consequent  condensation,  occurs 
when  sulphuric  acid  is  mixed  with  water.  The  heat  produced  is  a 
little  greater  when  the  water  is  poured  into  the  acid,  than  when  the 
acid  is  poured  into  the  water. 

Table  allowing  the  Heat  and  Condensation  residting  from  various  Mixtures 
of  Sidphuric  Acid  and  Water.    Temjyerature  of  Day,  22-22°C.  (72°  F.) 


Sp.  Gr. 

of  the 
Acid 
used. 

Weight 
of  Acid 
used  in 
Grains. 

Bulk  of 
Acid  used. 

Weight 

of 
Water 
used  In 
Grains 

Bulk  of 
Water  used. 

1-840 

3000 

1000 

3  ij  &  5  ij 

1-840 

2000 

3  iis9 

do. 

do. 

1-840 

1000 

3"j  &  5  ij 

do. 

do. 

1-840 

500 

5  V 

do. 

do. 

1-840 

250 

5  iiss 

do. 

do. 

1-616 

1616 

3ij&3ij 

do. 

do. 

1-648 

1548 

do. 

do. 

do. 

1-390 

1390 

do. 

do. 

do. 

1-245 

1245 

do. 

do. 

do. 

1-138 

1138 

do. 

do. 

do. 

Temperature 
produced. 


Bulk  of  Result- 
ing Fluid 
when  cold. 


°F. 


266 
252 
210 
198 
130 
119 
108 
95 
81 
78 


°C. 


130-00 
122-20 
98-88 
92-22 
54-44 
48-33 
42-22 
35-00 
27-22 
25-55 


•3  ^ 

"3iv 

Hi. 

3  ij  &  3 1VS8 
5  ij  &  5  iij 

do. 

do. 

do. 

do. 

do. 


Sp.  Gr. 

of  Re- 
sulting 
Fluid. 


1-616 
1-548 
1-390 
1-245 
1-136 
1-282 
1-246 
1-170 
1074 
1-055 


Certain  orgmiic  bodies,  such  as  starch  and  cellulose,  are  carbonized 
by  the  strong  acid,  whilst  dilute  acids  convert  them  into  grape  sugar. 
The  acid  coagulates  albumen,  forming  with  it,  as  with  other  organic 
bodies,  definite  chemical  compounds  which  are  insoluble. 

Sulphuric  acid  is  a  powerful  dibasic  acid,  and  displaces  other 
acids,  such  as  nitric,  hydrochloric,  etc.,  from  their  compounds.  It 
forms  two  classes  of  sulphates,  viz.,  an  acid  sulphate,  where  one 
hydrogen  only  is  replaced  by  a  metal  (M'HSO^),  and  a  normal  sulphate, 
where  both  hydrogens  are  replaced  by  a  metal  or  metals  (M'gSOi  or 
M"S04). 

Tests— solution  is  perceptibly  sour  when  it  con- 
tains 1-lOOOth  part  of  anhydrous  acid. 
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(2.)  Action  on  Litmus.  The  reddening  of  blue  litmus  is  distinct  •when 
1  part  of  anhydroiis  acid  is  diluted  with  6,000  of  water. 

(3.)  Calcic  Chloride  gives  a  copious  white  precipitate,  insoluble  in 
dilute  nitric  and  hydrochloric  acids.  A  turbidity  is  distinctly  appa- 
rent when  the  solution  contains  only  0'014  per  cent,  of  acid. 

(4.)  Plumbic  Acetate  gives  a  white  precipitate,  insoluble  in  dilute 
acids. 

(5.)  Baric  Chloride  (or  baric  nitrate)  gives  a  white  precipitate, 
insoluble  in  free  acids  and  in  caustic  alkalies.  The  turbidity  is 
apparent  with  a  solution  consisting  of  1  part  of  acid  in  62,500  of 
water. 

The  baryta  salt  must  never  be  added  to  a  neutral  or  to  an  alkaline 
solution,  otherwise  carbonic,  phosphoric,  oxalic  acids,  etc.,  may  be 
precipitated,  all  of  which  are,  however,  soluble  in  nitric  or  hydro- 
chloric acid.  To  prove  that  the  precipitate  is  baric  sulphate,  it  must 
be  collected  and  dried,  mixed  with  about  four  times  its  bulk  of  pow- 
dered wood  charcoal,  and  heated  to  redness  for  some  time  in  a  platinum 
crucible.  By  this  means  the  BaS04  will  be  reduced  to  BaS.  Add  to 
the  cold  residue  a  few  drops  of  dilute  hydrochloric  acid,  and  apply  heat, 
when  sulphuretted  hydrogen  will  be  generated,  which  may  be  known 
by  its  blackening  moistened  lead-  paper. 

(6.)  Nitrate  of  Strontia  gives  a  white  precipitate,  partially  soluble  in 
water  and  in  dilute  acids. 

(7.)  If  sulphuric  acid  be  gently  heated  in  a  test  tube  with  some 
pieces  of  wood,  copper,  or  mercury,  etc.,  sulphurous  anhydride  is 
evolved,  and  may  be  known  by  its  imparting  a  blue  tint  to  a  piece  of 
starch  paper  moistened  with  iodic  acid. 

(8.)  A  trace  of  veratria  added  to  a  drop  of  concentrated  acid,  produces 
first  a  yellow  and  afterwards  a  crimson-red  solution. 

(9.)  Paper  is  carbonized  by  the  strong  acid.  If  the  acid  be  dilute, 
wet  a  piece  of  white  paper  at  one  spot  and  heat  before  a  fire.  As 
soon  as  the  acid  becomes  sufficiently  concentrated  by  evaporation,  the 
paper  will  turn  black. 

Uses. — In  the  arts  and  manufactures  the  uses  of  the  acid  are  num- 
berless. In  medicine  the  following  preparations  are  officinal  :—Acidum 
Sxdphuricum,  B.P.,  Sp.  Gr.,  l-84=96-8  per  cent,  of  H2SO4  ;  Acidtm 
Sulphuricum  dilutum,  B.P.,  Sp.  Gr.,  1-394=1 3-64  per  cent,  of  HjSO^  ; 
Acidum  Sulphuricum  Aromaticum,  B.P.,  of  similar  strength  to  the  dilute 
acid,  but  containing  ginger  and  cinnamon. 

Persulphuric  Anhydride  (S2O7). 

^  Discovered  by  Berthelot.  Prepared  by  passing  silent  electrical 
discharges  for  a  long  time  through  a  mixture  of  equal  volumes  of 
sulphurous  anhydride  and  oxygen. 

Properties— A  syrupy  liquid,  solidifying  at  32°  F.  (0°  C),  decom- 
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posed  more  or  less  rapidly  by  water  into  H2SO4  and  free  oxygen,  but 
undergoing  instant  decomposition  in  the  presence  of  spongy  platinum. 
It  is  a  powerful  oxidizing  agent.  Baric  persulphate  is  soluble  in  water, 
but  rapidly  changes  to  the  sulphate  with  evolution  of  oxygen. 

Thiosulphuric  Acid,  H2S20s=lU. 

Synonyms.— Hl/posulj:hirmis  acid  ;  Sulpho-sidplmric  acid;  Dithionous 
acid. 

The  free  acid  has  never  been  obtained.  The  salts  are  prepared 
either.  (1)  by  boiling  sulphur  in  a  solution  of  a  sulphite  (NagSO., 
^g^j^a^SgOa)  ;  or  (2)  by  boiling  sulphur  with  an  alkaline  hydrate 
(3CaO,H20  +  l2S=CaS203  +  2CaS5  +  3H20).  A  further  quantity  of 
CaSaOs  may  be  formed  from  the  CaSj  in  the  latter  reaction,  by  ex- 
posing the  solution  to  the  air  {CaS5  +  30=CaS203+S3). 

Calcic  Thiosulphate  (CaS203,6H20)  is  found  in  large  quantities  in 
the  refuse  lime  of  gas  works,  and  also  in  the  refuse  from  the  ball  soda 
of  the  alkali  works. 

Sodic  Thiosulphate  [(Hyposulphite)  {l^^SA^^O  becoming 

NajSoOawhen  dried  at  482°  F.  (250°C.)]  is  largely  used  by  the  dyer  as 
an  antichlor  to  neutralise  the  injurious  effects  of  any  chlorine  remam- 
ing  in  goods  treated  with  bleaching  powder.  It  is  also  employed  m 
photography  and  metallurgy,  on  account  of  its  power  of  dissolving  the 
insoluble  argentic  haloid  salts,  by  the  formation  of  double  soluble  salts 
(NaAgS203,H20).  It  is  prepared  :— (1)  By  treating  a  solution  of  sodic 
sulphide  with  sulphurous  acid,  or  (which  is  the  same  thing)  by  digesting 
together  sulphur  and  sodic  sulphite.  In  this  reaction  the  sulphur, 
liberated  by  the  action  of  the  sulphurous  acid  on  the  alkaline  sulphide, 
acts  on  the  sodic  sulphite  also  formed  (3H2S03  +  2Na2S=2Na2S03+ 
SS  +  SHgO).    A  thiosulphate  results  (Na2S03+ S=Na2S20s). 

(2.)  By  heating  a  mixture  of  sulphur  in  a  solution  of  caustic  soda 
(6NaH0  +  4S=Na2S205+2Na2S  +  3H2O). 

(3.)  By  the  action  of  iodine  on  a  mixed  solution  of  sodic  sulphide 
and  sulphite. 

(4.)  By  exposing  the  calcic  sulphide  (tank  waste  or  soda  waste)  ot 
the  gas  or  alkali  works  to  the  air,  or  by  treating  it  with  sulphurous 
acid.  In  these  cases  a  calcic  hyposulphite  is  formed  by  oxidation 
(S2Ca+30=CaS203),  from  which  'hyposulphite  of  soda'  may  be  pre- 
pared by  the  action  of  sodic  carbonate  upon  a  solution  of  the  lime 

salt.  f 

The  thiosulphates  will  not  yield  the  free  acid  by  the  action  ot  a 
stronger  acid,  on  account  of  the  ease  with  which  they  are  decomposed 
into  sulphur  and  sulphurous  acid  (1128203=  S  +  HJSO3). 


DITHIONIC  ACID. 
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To  distinguish  thiosuiphuric  from  sulphurous  acid  note  that — 

(1.)  On  adding  an  acid  to  a  thiosulphate,  sulphur  is  precipitated, 
and  sulphurous  anhydride  is  evolved. 

(2.)  Thiosulphuric  acid  dissolves  argentic  chloride,  forming  argentic 
sodic  thiosulphite  (NaAgSjOs). 

(3.)  A  salt  of  ruthenium,  rendered  alkaline  with  ammonia,  turns 
thiosulphuric  acid  a  deep  red  color. 

The  sodic  thiosulphate,  when  heated,  first  loses  water,  and  is  then 
decomposed  (4:Na2S203=3Na2S04  +  ]Sra2S5). 

Dithionous  Acid,  HgSoO^  (formerly  given  as  HoSOo). 

Synonyms. — Hydrosulphw-oxis  Acid;  Hyposulphurous  Acid. 
History. — Discovered  by  Schiitzenberger. 

Preparation.  By  dissolving  zinc  in  sulphurous  acid.  (Note  : — 
No  hydrogen  is  evolved  during  the  reaction.) 

2H2SO,       +    Zn  =        HoSoO^  +       ZnO       +  HgO. 

Sulphiu-ous  acid    +    Zinc  =      Dithionous  acid        +     Zinc  oxide     +  Water. 

Properties. — The  yellow  solution  of  the  acid  thus  formed  bleaches 
powerfully,  its  bleaching  action  depending  on  its  reducing  power.  It 
throws  down  mercury  and  silver  from  their  solutions.  It  rapidly 
decomposes  in  the  air  by  absorbing  oxygen  (HgSgO^  +  O +  H20= 
2H2SO3). 

It  is  employed  as  a  laboratory  reagent  for  estimating  the  free  oxygen 
in  drinking  water, 

Dithionic  Acid,  HoS206=i62. 
Synonym. — HyposulphuHc  acid. 

Preparation,  (a.)  A  manganous  ditliionate  (MnSeOg)  is  first  pre- 
pared by  passing  SO2  through  cold  water  containing  manganese  dioxide 
in  suspension  (Mn02  +  2S02=MnS205). 

(/3.)  A  baric  dithionate  (BaSgOg)  is  then  prepared  by  acting  on 
manganous  dithionate  with  baric  sulphide  (MnS206  +  BaS=MnS  + 
BaS206). 

(7.)  Dilhionic  acid  is  now  liberated  by  the  action  of  sulphuric  acid 
on  baric  dithionate  (BaS206  +  H2S04=BaS04+ H2S2O6). 

Properties- — The  acid,  when  fully  concentrated  by  evaporation  '  in 
vacuo,'  has  a  specific  gravity  of  1-347,  and  forms  a  colorless  acid  liquid 
without  odor.  If  the  concentration  be  attempted  beyond  this  point,  or 
if  heat  be  applied  to  the  acid  solution,  it  breaks  up  into  sulphuric  acid 
and  sulphurous  anhydride  (H2S206=H2S04+  SO2).  When  exposed  to 
the  air,  dithionic  acid  is  rapidly  converted  into  sulphuric  acid. 

All  the  dithionates  are  soluble  in  water.  They  are  decomposed  by 
heat  in  the  presence  of  hydrochloric  acid,  sulphurous  anhydride  being 
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evolved  without  the  deposition  of  any  free  sulphur.    This  distinguishes 
them  from  other  sulphur  compounds. 

TritMonic  Acid  (H„S306=194). 

Synonyms— -0%^?"^'  trithionate;  Sulphodithionic  acid;  Sulphuretted 
hyposidphuric  acid. 

History. — Discovered  by  Langlois. 

Preparation  of  the  free  acid,  (a.)  A  potassic  trithionate  (KaSaOe) 
is  first  prepared  by  digesting  hydric  potassic  sulphite  with  sulphur  : 

I2KHSO3        +82=    4K2S3O6        +    2K2SO3    +  6H2O 
Hydric  potassic  sulphite  +  Sulphur = Potassic  trithionate  +  Potassic  sulphite + Water. 

(/3.)  On  dissolving  the  crystals  of  potassic  trithionate  (K2S3O6)  iu 
water,  and  adding  perchloric  or  hydrofluosilicic  acid  to  the  solution,  the 
potash  is  precipitated,  and  a  solution  of  the  acid  obtained. 

Properties  —The  acid  crystallizes  in  four-sided  prisms.  It  rapidly 
decomposes  into  sulphurous  anhydride,  sulphurous  acid,  and  free 
sulphur  (4H2S306=6S02  +  4HcS03+S2).  ^ 

A  sodic  trithionate  may  be  prepared  by  the  action  of  lodme  on  a 
solution  of  sodic  thiosulphate  and  sulphite.  Sodium  amalgam  converts 
a  trithionate  into  a  mixed  sulphite  and  thiosulphate. 

The  tnthionates  are  soluble  unstable  salts,  and  are  easily  decomposed 
by  heat  into  sulphates,  sulphurous  anhydride  being  evolved  with  the 
deposition  of  free  sulphur.  They  give  (1)  with  mercurous  mtrate  a 
black  precipitate,  (2)  with  mercuric  nitrate  a  white  precipitate,  and  {S) 
with  argentic  nitrate  a  yellow  precipitate,  which  in  time  becomes 
black. 

Tetrathionic  Acid  (H2S,06-226). 

^ynOYiymS—Dihydric  Tetrathionate;  Disxdpho-dithionic  acid;  Bisul- 
j)huretted  hyposidp)huric  acid. 

History —Discovered  by  Fordos  and  Gelis. 

Preparation  of  the  free  acid,  (a.)  Baric  tetrathionate  (or  other 
salt)  is  formed  by  adding  iodine  to  baric  (or  other)  thiosulphate 
(2BaS203+l2=Bal2+BaS406). 

(/3.)  Tetrathionic  acid  is  set  free  by  decomposing  bai-ic  tetrathionate 
with  its  exact  equivalent  of  sulphuric  acid. 

Properties  —The  acid  is  very  unstable.  Sodium  amalgam  converts 
the  tetrathionate  into  a  hyposulphite.  When  heated,  a  solution  of 
sulphuric  acid  is  formed,  sulphurous  anhydride  being  evolved,  and  tree 
sulphur  deposited  {US.O,^^SO.-^^O.A^,\  The  potassic  sa 
may  be  recognised  by  the  separation  of  sulphur  when  heated  with 
potassic  sulphide  (2K2S4O6  + 2X28=4X28203+ Sg). 


COMPOUNDS  OF  SULPHUR  AND  THE  HALOIDS, 
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Pentathionic  Acid  (1128506=258). 

Synonyms. — Trisulphodithionic  acid;  Trisulphuretted  hT/jwsulphun'c 
acid. 

History. — Discovered  by  Wackenroder. 

Preparation,  (l.)  Bj  passing  sulphuretted  hydrogen  into  a  solution 
of  sulphurous  acid  (10SO2  +  10H2S=2H2S5Ofi  +  5S2  +  8H2O). 

(2.)  By  the  action  of  sulphur  chloride  (SjCla)  on  baric  thiosulphate 
(SoCl2  +  2BaS203=BaS506  +  BaCl2+S). 

The  clear  solution  is  to  be  concentrated  «i  vacuo  over  oil  of  vitriol. 

Properties. — The  solution  thus  obtained  has  a  specific  gravity  of 
1-6,  and  is  acid,  bitter  and  tolerably  permanent.  Concentrated  beyond 
this  gravity  it  rapidly  decomposes.  By  heat  it  is  resolved  into  sul- 
phuric acid,  sulphuretted  hydrogen,  sulphurous  anhydride,  and  free 

sulphur  (2H2S506=H2S04+H2S-|-4S02  +  2S2). 

The  polythionic  acids,  as  an  aid  to  memory,  are  represented  by 
Bloxam  as  derived  from  oil  of  vitriol  by  successive  additions  of  sul- 
phurous anhydride  and  sulphur  :  thus 

Oil  of  vitriol  H2S04  =H2S04 

Dithionic  acid  H2SO4+SO2  =H2S20g 

Trithionic     „  H2SO4+ SO2+ S  =H2S306 

Tetrathionic,,  H2SO4+  SO2+ S2=H2S406 

Pentathionic,,  H2S04  +  SOg  +  S3=H2S506 

Note  the  following  reactions  with  sulphuric  acid  : — 

The  sulphates  with  concentrated  acid  (hot  or  cold)  emit  no  odor. 

The  sulphites  with  dilute  acid  (cold)  emit  an  odor  of  SOg. 

The  dithionates  with  dilute  acid  emit  no  odor  in  the  cold,  but  when 
heated  emit  an  odor  of  SOg. 

The  thiosulphates  with  dilute  sulphuric  acid  (cold)  emit  an  odor  of 
SO2,  free  sulphur  being  deposited. 


COMPOUNDS  OF  SULPHUR  AND  THE  HALOIDS. 


Bromide  SgBrg. 


1.  Chloride  S2CI2. 

2.  Dichloride  SClg. 

3.  Tetrachloride  SCI4. 
4. 


Sulphur  Chloride  (S2CI2). 

Molecular  weight,  135.    Molectdar  vohme,  I    \  |. 


Iodide  Sol 


of  vapor,  4-7.    Boils  at  282-4°  F.  (139°  C). 
^^nonym—Disidphur  dichloride. 


Hex-Iodide  Slg. 


Specific  gravity,  1*68  ; 
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Preparation— By  passing  dry  clilorine  into  melted  sulphur,  and 
collecting  the  product  in  a  dry  cold  receiver  (direct  union). 

Properties-- A  yellow  volatile  liquid  (Sp.  Gr.  1-68),  fuming  in  the 
air,  and  emitting  a  pungent  odor.  The  specidc  gravity  of  the  vapor 
is  4-7.  It  is  decomposed  by  water  into  sulphurous  and  hydrochloric 
acids,  Avith  free  sulphur  (electro-positive)  (2S2Cl2  +  2H20=4HCH- 
SO  +3S).  It  dissolves  sulphur  freely  ;  hence  its  use  in  the  manufac- 
ture of  vulcanised  rubber.    It  acts  powerfully  on  mercury. 

Sulphur  Dichloride  (SCl2=l03). 

Synonym. — Hyposulphurous  chloride. 

Preparation.— By  saturating  sulphur  chloride  with  chlorine  at  0°C. 
Properties.— A  deep  red  liquid.    It  is  decomposed  by  heat  and 
by  water,  and  also  by  the  sun's  rays  (2SCl2=S2Cl2+ CI2). 

Sulphur  Tetrachloride,  SCl4=i73. 
Synonym. — Sulphurous  chloride. 

This  compound  is  not  known  in  a  free  state,  and  there  is  some 
doubt  even  as  to  its  existence  in  combination. 

Preparation.  —  By  saturating  sulphur  chloride  with  chlorine  at 
_4op.  (_20°  C). 

Properties.  —  A  yellowish  brown  liquid— very  unstable— decom- 
posing above  -4°  F.  (-20°  C)  into  SCL. 

Sulphur  Bromide  (S2Br2)  is  a  heavy  red  liquid  formed  by  the 
direct  union  of  the  elements. 

Sulphur  Iodide  (S2I2)  is  a  dark  grey  solid  produced  by  the  direct 
union  of  the  element  under  water  with  heat. 

Sulphur  Hexiodide  (S2I6)  is  formed  in  crystals  by  evaporating 
a  mixed  solution  of  iodine  and  sulphur  in  carbon  disulphide. 

COMPOUNDS  OF  SULPHUR,  OXYGEN  AND  THE 

HALOIDS. 

Thionyl  Chloride  (SOCL). 
Molecular  weight,  119. 
Synonym. — Sulphurous  ox y dichloride. 

This  is  an  analogous  compound  to  SOg,  two  of  chlorine  displacing 
one  of  oxygen. 

Preparation.— By  acting  on  sulphurous  anhydride  with  phosphoric 
chloride.  (Schifi.)  (PCI5+ S02=SOCl2  +  POCl3.) 

Properties.— A  colorless,  pungent  liquid  of  great  refractive  power  ; 
specific  gravity,  1-675  ;  boils  at  172-4°  F  (78°  C.)  ^s  decompose__d 
by  water  into  sulphurous  and  hydrochloric  acids  (SOUo-h^HoU- 
H0SO3+2HCI).    It  forms  thionamide  with  ammonia. 
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Sulphuryl  Bichloride  (S02Cl2=l35). 

Molecular  volume,  \    \    |.    Sp.  gr.  1-66.    Boils  at  158°  F.  (70°  C). 
Synonym. — Sulphuric  oxycUchloi-ide. 

Preparation. — By  exposing  a  mixture  of  sulphurous  anhydride 
and  chlorine  to  sunliffht. 

Properties. — A  colorless  liquid.  Sp.  gr.,  1-66.  Decomposed  by  a 
small  quantity  of  water  into  sulphuric  chlorhydrate  (SO3HCI)  and 
hydrochloric  acid,  but  by  an  excess  of  water  into  sulphuric  and  hydro- 
chloric acids  (S02C]2  +  2H20=H2S04  +  2HC1). 

Sulphuric  Chlorhydrate  (SO3HCI). 

This  may  be  formed  by  the  direct  union  of  SO3  and  HCl,  or  by 
distilling  a  mixture  of  H2SO4  and  PCI3.  It  is  a  colorless  liquid, 
and  undergoes  dissociation  by  heat.  With  water,  sulphuric  and  hydro- 
chloric acids  are  formed. 

The  Compound  (SOaClOo),  called  by  Frankland  Pyrosulphirylic 
Chloride,  is  formed  by  the  action  of  phosphoric  chloride  or  of  sulphur 
chloride  (SeClg)  on  sulphuric  anhydride.  It  is  a  colorless  liquid,  de- 
composed by  water  into  H2SO4  and  HCl. 


COMPOUNDS  OF  SULPHUR  AND  PHOSPHORUS. 


Sulphur  Tetraphosphide 
Sulplnir  Biphosphide  .. 


P,S3  Phosphorus  Sesquisulphide  . . 
PgSj  Phosphorous  Sulphide  . . 
PjS^  Diphosphoric  Tetrastclphide.. 
PjSj  Phosphoric  Sulphide    . . 
PjS,^  Phosphoric  Dodecasulphide  . . 


Both  are  oily  liquids,  and  readily  dissolve 
sulphiu-  and  phosphorus.  They  are  prepared 
hy  melting  sulphur  and  phosphorus  together 
in  atomic  proportions. 

All  solid  bodies,  formed  by  direct  union.  P 
melts  at  287-6°  F.  (142°  C),  and  decomposes 
when  boiled  in  water  to  H3PO3,  HjS,  and 
H3P.  P3S3  melts  at  554°  F.  (290°  C),  and 
is  decomposed  by  water  into  H3PO3  and 
UjS.^  PjSj  may  be  prepared  by  dissolving 
atomic  proportions  of  sulphur  and  phos- 
phorus in  CS^,  heating  the  mixture  in  sealed 
tubes  forsome  hours  to  410°  F.  (210°  C.)  Itis 
decomposed  by  water  into  HjPO^  and  H^S. 
It  combines  with  alkaline  sulphides  to  foim 
sulpho-phosphates  (MTSOJ.  It  is  used  in 
the  laboratory  to  replace  oxygen  by  sulphur 
in  organic  compounds. 


Phosphoric  Sulphochloride,  PSCl,,. 

Molecular  iveiffht,\69-5.  Specific  gravity  ofliqtud,  1-631  at  68°  F.  (20°  C); 
of  vapor,  5-878.    Boils  at  257°  F.  (125°  C).  • 

Synonyms-  —  Sulphotrichloride  of  Phosphorus  ;  Thiophosjjhoryl 
Chloride. 
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Preparation. — By  decomposing  phosphoric  chloride  with  sul- 
phuretted hydrogen  (PCI5+ SHo=PSCl3  +  2HCl). 

(2.)  By  decomposing  phosphoric  chloride  with  phosphoric  or  anti- 
monious  sulphide  (3PCI5+ Sb2S3=3PSCl3  +  2SbCl3). 

Properties. — A  colorless,  fuming  liquid.  "When  boiled  with  sodic 
hydrate,  it  forms  sodic  chloride  and  sodic  sulphophosphate,  from 
which  the  corresponding  barium,  calcium,  and  strontium  salts  may  be 
prepared  by  double  decomposition.  (Wurtz.) 

6NaH0    +       PSCI3       =     3NaCl       +  NagPSOs  + 
Sodic  hydrate  +     Phosphoric      =    Sodic  chloride    +        Sodic       +  "Water, 
sulphochloride  sulphophosphate 

It  is  decomposed  by  water  into  phosphoric  and  hydrochloric  acids, 
and  sulphuretted  hydrogen  (2PSCl3+8H„0=2H3P04  +  6HCl  +  2H2S). 

The  bromine  compound  (PSBr,)  is  analogous  in  its  preparation  and 
reactions  to  PSCI3. 

SELENIUM  (Seo). 

Atomic  weight,  79.  Molecular  weight,  158.  Molecular  volume,  \  \  \ 
Specific  gravity  of  crystallized  solid,  4-788  ;  of  vapor,  5-68  ;  Atomicity, 
Hexad,  Tetrad  and  Dyad. 

History. — Discovered  by  Berzelius  (1817)  in  the  refuse  of  a  sulphuric 
acid  factory  {treXijyr},  the  moon). 

Natural  History. — It  is  found  native,  but  occurs  chiefly  in  com- 
bination, as  a  selenide  of  copper,  lead,  iron,  silver,  etc.  It  also  occurs 
as  an  impurity  in  native  sulphur  (seleniferous  sulphur). 

Preparation. — By  the  action  either  of  a  mixture  of  nitric  and  sul- 
phuric acids  or  of  a  solution  of  potassic  cyanide  on  the  seleniferous 
deposits  of  vitriol  works,  a  solution  containing  selenious  and  selenic  acids 
being  formed.  The  selenic  acid  present  in  the  solution  is  now  reduced 
to  selenious  acid  by  the  action  of  hydrochloric  acid  (H2Se04  +  2HCi= 
HgSeOs-hHsO  +  Clg).  From  this  solution  of  selenious  acid,  the 
selenium  may  be  precipitated  by  a  current  of  sulphurous  anhydride 
(2H2Se03  +  2HgO  +  4S02=4H„S04-|-  Scj). 

Varieties- — l-ike  sulphur,  selenium  is  found  in  various  allotropic 
forms  : — 

(a.)  The  amorphous  form,  prepared  as  described  above,  consists  of 
red  flakes,  which  are  ductile  when  melted.  It  has  no  taste  or  smell, 
and  is  a  bad  conductor  of  heat  and  electricity.  It  is  soluble  in  carbon 
disulphide. 

(/3,)  A  black  vitreous  form,  prepared  by  heating  the  amorphous 
variety  (a)  to  212°  F'  (100°  C),  and  then  cooling  rapidly.  It  has  a 
specific  gravity  of  4"3.    It  is  insoluble  in  carbon  disulphide. 

(y.)  A  crystalline  form,  prepared  by  heating  the  vitreous  form  (/3)  to 
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204-8°  F.  (96°  C.)  The  crystals  are  bluish  grey  {aeXrivri,  the  moon). 
This  change  is  accompanied  by  the  evolution  of  great  heat,  the  tem- 
perature rising  above  392° F.  (200°  C).  Minute  black  crystals  may  also 
be  prepared  by  exposing  an  alkaline  selenide  to  the  air.  Crystal 
selenium  has  a  specific  gravity  of  4-8.  It  is  a  conductor  of  electricity. 
Its  electrical  resistance  is  diminished  by  exposure  to  light,  but  is  re- 
stored when  the  light  is  withdrawn.  On  this  property  the  construc- 
tion of  the  photophone  depends.    It  is  insoluble  in  carbon  disulphide. 

Properties. — (a.)  Physical.  The  color  of  selenium  is  either  red, 
black,  or  bluish  grey,  according  to  the  variety.  Solid  selenium  has 
neither  taste  nor  smell,  but  the  vapor  has  the  odor  of  putrid  horseradish. 
It  is  insoluble  in  water.  It  fuses  readily  at  about  212°  F.  (100°  C), 
and  boils  at  1292°  F.  (700°  C),  giving  off  a  yellow  vapor,  which,  like 
that  of  sulphur,  expands  anomalously  {see  page  174).  Thus  at  1580°  F. 
(860°  C.)  it  has  a  vapor  density  of  7-67,  whilst  at  2564°  F,  (1400°  C.) 
its  vapor  density  is  5'68. 

(/3.)  Chemical.  Selenium  vapor  burns  with  a  blue  flame,  forming 
SeOg.  By  boiling  with  nitric  acid,  selenious  acid  (HgSeOa)  is  formed. 
Selenium  is  soluble  in  sulphuric  acid,  forming  a  green  solution,  from 
which  the  selenium  may  be  thrown  down  by  the  addition  of  water. 

COMPOUNDS  OF  SELENIUM  AND  OXYGEN,  ETC. 

Selenious  anhydride  ...        ...       ...  SeOo. 

Selenious  acid...        ...    HeSeO.^. 

Selenic  acid    ...       ...  HoSeO^. 

Selenious  Anhydride  (SeOg). 

Preparation. — (1-)  By  burning  selenium  in  oxygen. 
(2.)  By  heating  selenious  acid. 

Properties. — A  white,  deliquescent,  crystalline  substance,  soluble 
in  water,  forming  selenious  acid  (HgSeO..,). 

Selenious  Acid  (HaSeO.,). 

Preparation — (l.)  By  dissolving  selenious  anhydride  in  water. 
(2.)  By  boiling  selenium  in  nitric  acid. 

Properties. — This  acid  may  be  obtained  as  a  white  solid.  On 
adding  iron,  zinc,  sulphurous  acid,  or  sulphuretted  hydrogen  to  a  solu- 
tion of  selenious  acid,  selenium  will  be  precipitated  (HoSe03  +  2H2S03 
=2112804+1X20 +  Se). 

The  acid  forms  normal,  acid  and  super-acid  salts. 

o  2 
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Selenic  Acid  (HoSeOO- 
This  acid  is  not  known  as  an  anhydride. 

Preparation— (1.)  («•)  Potassic  seUniate  is  first  formed  by  fusing 
together  nitre  and  selenium  (4KNO3+ Se2=2K2Se04  +  2N202).  (/3.)  A 
i^lumbic  seleniate  is  then  prepared  by  the  action  of  plumbic  nitrate  on  a 
solution  of  potassic  seleniate.  (7.)  On  treating  plumbic  seleniate  with 
sulphuretted  hydrogen,  an  insoluble  plumbic  sulphide  is  formed,  together 
with  a  solution  of  selenic  acid. 

(2.)  By  the  action  of  chlorine  or  of  manganese  dioxide  on  selenious 
acid,  or  by  the  action  of  bromine  on  argentic  seleuite  suspended  in 
water  (Ag2Se03  +  Br2+H„0=H2Se03+2AgBr). 

Properties— A  colorless,  syrupy,  hygroscopic  liquid,  evolving 
considerable  heat  when  mixed  with  water.  It  may  be  concentrated 
until  it  has  a  specific  gravity  of  2-6,  Avhen  it  contains  97  per  cent, 
of  the  acid.  At  a  temperature  of  554°  F.  (290°  C.)  it  is  decomposed 
into  selenious  acid,  water,  and  oxygen.  It  has  no  action  on  platinum, 
but  it  oxidises  the  metals  generally,  and  even  (standing  alone  in  this 
respect)  dissolves  gold.  When  heated  with  hydrochloric  acid,  it  is 
decomposed  (HoSe04+ 2HCl=H2Se03+ HoO  +  CI2). 

Compounds  of  Selenium  and  Chlorine. 

Selenium  forms  two  chlorides,  viz.,  a  monochloride  (SeoClg),  a 
yellow  liquid  formed  by  the  direct  union  of  selenium  and  chlorine, 
and  a  tetrachloride  (SeCU),  a  white  crystalline  solid,  formed  by  treating 
SegCle  with  an  excess  of  chlorine.  On  contact  with  moisture  an 
oxychloride  (SeOda)  is  formed. 

The  combinations  formed  by  selenium  with  the  other  haloid  elements 
are  very  imperfectly  understood. 

A  carbon  selenide  (OSes)  and  two  sidphidts  (SeSo  and  SeSg)  have 

been  described. 

TELLURIUM  (Tcg). 
Atoimc  weight,  128  (?).  [Mendeleef  predicted  that  the  atomic  weight  must 
be  below  the  atomic  weight  of  iodine  (127).  Recent  experiments 
have  shown  that  possibly  125  is  the  atomic  weight  of  teUuruim 
rather  than  128.]    jMolemlar  weight,  256.    Specific  gravity  of  sohd 
6-2  ;  of  vapor  (at  2,534°  F.),  9-0.   Atomicity,  hexad  ;  tttrad ;  dyad. 
Historv— Discovered   by   Muller  von  Reichenstein  (1782)  Its 
elementary  nature  was  determined  by  Klaproth  (1798),  and  the  body 
named  by  him  Tellurium  {Tellus). 

Natural  History.-It  is  a  very  rare  substance,  but  is  found  botU 
in  a  free  state,  and  combined  with  bismuth,  lead,  silver,  etc.,  a^ 

Preparation.-By  fusing  bismuthic  telluride  (Bi,Te3)  with  carbon 
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find  sodic  carbonate.  The  sodic  teUuride  formed  is  dissolved  in  water 
and  exposed  to  the  air,  when  tellurium  slowly  deposits. 

Properties— («.)  Physical.  A  pinkish-white  metallic-looking  body, 
crystalline  (rhombohedral),  and  very  brittle.  It  fuses  between  800° 
and  900°  F.  (426°  and  482°  C),  and  may  be  distilled,  becoming  at  a 
high  temperature,  a  yellow  gas.  It  conducts  heat  and  electricity  badly. 
It  is  insoluble  in  water.  When  taken  internally  it  imparts  a  peculiar 
garlic  odor  to  the  breath. 

Chemical.  Tellurium  burns,  when  heated  in  air,  with  a  blue 
flame,  yielding  TeO^.  It  does  not  form,  like  the  metals,  a  true  basic 
oxide.  Its  solution  in  sulphuric  acid,  which  is  of  a  purple-red  color, 
yields  a  precipitate  of  tellurium  when  treated  with  water. 

COMPOUNDS  OF  TELLURIUM  AND  OXYGEN,  ETC. 
Tellurous  oxide  or  anhydride  TqO^. 
Telluric  oxide  or  anhydride  TeOj. 

Tellurous  acid   HgTeOa. 

Telluric  acid    H2Te04. 

Tellurous  Oxide  or  Anhydride  (TeOs). 

This  oxide  occurs  native  as  tellurite.  It  is  a  white,  fusible  crystal- 
line body.  It  forms  a  yellow  glass  when  hot,  which  becomes  white 
on  cooling.  At  a  greater  heat  it  sublimes  unchanged.  It  is  slightly 
soluble  in  water,  forming  tellurous  acid  (HaTeOg). 

Tellurous  Acid  (HgTeOj). 

This  acid  is  a  white  flocculent  substance,  decomposed  into  water 
and  the  anhydride  at  104°  F.  (40°  C).  It  is  a  dibasic  acid,  and  forms 
two  classes  of  tellurites,  yiz.~neutral{W^TeO^),  and  acid  (M'HTeO,). 

Telluric  Oxide  or  Anhydride  (TeOg). 

1-^2  leU  ).  It  is  a  yellow,  solid  body,  insoluble  in  water  and  in  cold 
acids  By  treatment  with  boiling  hydrochloric  acid,  tellurous  oxide 
and  free  chlorme  are  formed  (Te03  +  2HC1  =  TeOo-hH^O-hCls). 

Telluric  Acid  (H2Te04). 

Preparation.-A  potassic  tellurate  is  formed  by  fusing  tellurium 
w.  1,  mtre.  On  adding  baric  chloride  to  a  solution  of  the  potassic 
tellurate,  and  decomposing  the  baric  tellurate  thus  formed  with  sulphuric 
acid,  a  solution  of  telluric  acid  is  obtained. 

Properties.-The  solution  of  the  acid  yields  crystals  having 
the  composition  ll,TeO,+2ll,0,  from  which  the  two  molecules  of 
water  may  be  expelled  by  heat.  It  forms  salts  called  tellurates, 
which  are  mostly  insoluble. 
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CHAPTER  IX. 
CARBON— BORON— SILICON. 

Carbon:— Compounds  of  Carbon  and  Oxygen  —  Compounds  of  Carbon  and  the 
Haloids— Compounds  of  Carbon  with  Oxygen  and  the  Haloids— Compounds  of 
Carbon  and  Sulphur.  Boron  :  — Boracic  Acid  —  Compounds  of  Boron  with 
Nitrogen,  the  Haloids,  and  Sulphur.  Silicon  :— Compounds  of  Silicon  with 
Oxygen,  the  Haloids,  Nitrogen,  and  Sulphur. 

CARBON  (0=12). 

Atomic  weight,  12.    Atomicity,  tetrad  (COa— CHJ  ;  dyad  (CO).  Vapor 

density,  unknown. 

^YnorLYm— Charcoal. 

History— Carbon  has  been  known  from  very  early  times.  Eresius 
(300  B.C.)  described  the  method  of  preparing  it  from  wood,  and  in 
Pliny's  time  it  constituted  the  common  fuel.  In  a.d.  1694  the 
Florentine  academicians  burnt  the  diamond  by  the  sun's  rays.  In 
'775-6  Lavoisier  effected  its  combustion  in  oxygen,  and  in  1809  Davy 
,urnt  graphite  in  a  similar  manner.  Thus  these  bodies  respectively, 
were  proved  to  be  pure  carbon.  Newton,  however,  had,  long  before 
this,  asserted  that  the  diamond  was  a  combustible  body,  on  account  of 
its  high  refractive  power. 

Natural  History.— («•)  In  mineral  kingdom  carbon  is  found  in  a 
free  state  (1)  as  the  diamond  in  sandstone  rocks  or  mica  slate.  Its 
origin  is  unknown.  The  ash,  consisting  of  sihca  and  oxide  of  iron, 
left  after  its  perfect  combustion,  is  very  minute.  (2.)  As  plumbago, 
the  ash  of  which  varies  from  2  to  5  per  cent.,  and  consists  of  a  little 
quartz  mixed  with  the  oxides  of  iron  and  manganese.  (3.)  As  an- 
thracite, the  ash  of  which  varies  greatly  both  in  quantity  and  composi- 
tion. (4.)  Carbon  is  also  found  associated  (a)  with  hydrogen  in  coal, 
bitumen,  jet,  shales,  naphtha,  and  in  the  paraffiues  ;  (b)  with  oxygen  m 
carbonic  anhydride,  and  (c)  with  oxygen  and  the  metals  in  the  carbonates. 

(/3.)  In  the  vegetable  kingdom,  carbon  forms  about  50  per  cent,  of  dry 
vegetable  solids.  It  is  supplied  to  them  by  the  atmospheric  carbonic 
anhydride  which  the  plant  deoxidizes  under  the  influence  of  solar  hglit. 
Plants  are  deoxidizing  agents,  animals  are  oxidizing  agents. 

(y.)  In  the  animal  kingdom,  all  tissues  and  products  are  largely  made 
up  of  carbon.    Fat  contains  about  79  per  cent. 
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The  chemist  roughly  proves  a  body  to  be  of  organic  origin,  by 
the  circumstance  that  it  carbonizes  when  burnt  with  a  limited  supply 
of  air. 

Varieties. — (l.)  Diamond. — The  diamond  crystallizes  in  cubes  or 
in  octabedra  with  convex  faces  and  rounded  edges  (lenticular).  It 
cannot  be  produced  artificially.  Its  specific  gravity  is  3-4.  It  is 
usually  colorless,  but  is  found  at  times  of  a  yellow,  green,  blue,  or 
black  tint,  tbe  colors  being  due  to  mineral  matter.  It  is  one  of  the 
hardest  bodies  known  (adamant).  It  has  never  been  melted.  It  is  a 
non-conductor  of  electricity,  but  when  heated  in  the  voltaic  arc,  it 
swells  up  and  forms  a  coke-hke  mass,  which  conducts  electricity 
freely.  Some  diamonds  are  phosphorescent  after  exposure  to  intense 
sunlight.  It  has  a  high  refracting  power  ;  its  hmiting  angle,  that  is, 
the  angle  at  which  all  light  is  returned,  being  24-1°. 

It  is  not  affected  by  the  action  of  nitric  acid  and  potassic  chlorate. 
Unlike  boron  and  silicon  the  diamond  does  not  melt  in  fused 
aluminium. 

A  diamond  may  be  known  (a)  by  its  hardness  (scratching  hardened 
steel)  ;  (/3)  by  ha  gravity ;  and  (y)  by  its  insolubility  in  hydrofluoric  acid. 

(2.)  Graphite  (ypafoj,  I  write) .-^Graphite  is  found  both  crystalline 
(six-sided  plates)  and  in  amorphous  masses.  It  has  a  specific  gravity 
varying  from  1-8  to  2-2.  It  is  greyish-black,  with  a  metallic  lustre 
{black  lead  or  plumbago).  It  is  unctuous  to  touch,  and,  although  the 
minute  particles  are  excessively  hard,  it  nevertheless  marks  paper 
when  drawn  across  it.    It  is  a  good  conductor  of  electricity. 

When  plumbago  is  acted  on  with  a  mixture  of  nitric  acid  and 
potassic  chlorate  it  forms  '  graphic  or  graphitic  acid '  (C11H4O5)  a  brown, 
crystalline  body,  which  swells  up  and  often  explodes  when  heated, 
forming  ' pyrographitic  oxide  (CggHoOi).  This  latter  substance  is 
soluble  in  a  mixture  of  nitric  acid  and  potassic  chlorate. 

(3.)  Amorphous  carbon. — Amorphous  carbon  has  a  specific  gravity 
varying  from  1-6  to  2-0.  Its  apparent  lightness,  such  as  floating  on 
water,  is  due  to  the  presence  of  air  in  its  pores.  It  is  found  in  various 
forms,  more  or  less  pure,  as  e.g.  (a.)  Coke,  the  residue  of  coal  after 
the  gas  and  volatile  matters  have  been  expelled.  (/3.)  The  carbon  of 
gas  retorts;  a  body  resembling  graphite  in  some  particulars,  but  differing 
m  that  it  does  not  form  "  graphic  acid  "  by  the  action  of  nitric  acid 
and  potassic  chlorate,  (y.)  Soot,  the  condensed  smoke  deposited  in 
chimneys.  {I.)  Lampblack,  the  unburnt  carbon  resulting  from  the 
combustion  of  rich  hydro-carbons  in  a  limited  supply  of  air.  (c) 
Wood  charcoal,  the  carbon  of  wood  and  other  vegetable  matters.  (C.) 
Avimal  charcoal  (ivory  black  or  bone  black),  the  carbon  of  bone  or  other 
animal  substances.    (,,.)  Tinder. 

All  these  forms,  when  treated  with  a  mixture  of  nitric  acid 
and  potassic  chlorate,  yield  brown  compounds  that  are  soluble  in 
water. 
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It  lias  been  conjectured,  considering  the  striking  differences  in  tlie 
properties  of  these  carbon  allotropes,  that  they  consist  of  dissimilar 
carbon  molecules.  The  study  of  their  specific  heats  would  suggest 
that  the  charcoal  molecule  consists  of  two  atoms,  the  graphite  of  three, 
and  the  diamond  of  four.  (Specific  heat  of  diamond,  0-1128  at  10°  C. 
and  0-4589  at  985°  C.  ;  of  plumbarjo,  0-1437  at  10°  C.  ;  of  charcoal, 
0-2415.) 

Preparation. —  (!•)  Diamond.  —  The  diamond  is  the  only  allotropo 
of  carbon  that  cannot  be  prepared  artificially. 

(2.)  Graphite.  —  (a.)  By  submitting  the  diamond  or  amorphous 
carbon  to  the  intense  heat  of  the  electric  arc  in  an  atmosphere  free 
from  oxygen. 

(/3.)  By  dissolving  carbon  in  cast  iron.  On  allowing  the  mixture  to 
cool  slowly,  six-sided  crystalline  plates  of  graphite  (called  "  kish") 
are  formed.  The  insoluble  graphitic  carbon  may  be  separated  by 
dissolving  the  iron  in  an  acid. 

(3.)  Amorjyhous  carbon.— (a.)  Coke.  By  heating  coal  in  closed  iron 
cylinders,  an  escape  being  provided  for  the  gaseous  and  other  volatile 
matters.  The  higher  the  temperature  to  which  the  coal  is  subjected, 
the  more  dense  the  coke.  Coke  may  also  be  prepared  by  burning 
the  coal  in  heaps,  in  similar  manner  to  the  preparation  of  wood-char- 
coal. Most  of  the  coke  used  in  metallurgical  operations  is  prepared 
in  specially  constructed  coking  ovens,  which  yield  a  denser  article 
than  that  obtained  by  other  means.  Coke  in  burning  gives  no  smoke 
and  great  heat. 

(/3.)  Carbon  of  gas  retorts. — From  the  decomposition  of  a  portion  of 
the  gas  or  volatile  hydro-carbons  by  the  intensely  heated  retort,  Upon 
which  a  layer  of  gas  carbon  slowly  deposits.  Its  appearance  varies 
somewhat  according  to  the  temperature  at  which  it  is  formed. 

(y.)  Soot. — The  condensed  smoke  of  chimneys. 

(S.)  Lampblack.  —  By  burning  certain  vegetable  matters  rich  in 
carbon,  such  as  resin,  tar,  etc.,  in  a  current  of  air  insufficient  for 
complete  combustion.  The  hydrogen,  being  the  most  combustible 
portion,  burns  first,  and  the  carbon,  for  which  there  is  not  sufficient 
air,  is  collected  in  chambers  covered  with  coarse  canvas.  To  free  it 
from  hydrogen,  the  lampblack  should  be  strongly  heated  in  a  current 
of  chlorine. 

(f.)  Wood  charcoal— (l.)  By  the  distillation  of  dry  wood  in  closed 
cast  iron  retorts,  the  wood  being  placed  in  a  perforated  iron  case 
(slip).  Acid  fumes  are  evolved  during  the  process.  If  damp  wood 
be  used,  the  water  will  be  decomposed  and  a  loss  of  carbon  result 
from  the  formation  of  CO  +  COg.  The  acid  fumes  are  condensed,  acetic 
acid  and  wood  naphtha  being  by  this  means  recovered.  (2.)  By  the 
slow  burning  of  logs  of  dry  wood  arranged  in  heaps,  covered,  except 
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round  the  base  of  the  heap,  Avith.  turf.  In  this  way,  every  100  parts 
of  wood  yield  about  22  parts  of  carbon.* 

Wood  charcoal  never  consists  of  pure  carbon.  The  higher  the 
temperature  at  which  the  wood  is  burnt,  the  smaller  the  quantity  of 
charcoal  formed,  but  the  larger  the  percentage  of  carbon  that  it 
contains.  The  "charbon.  roux  "  of  the  French  consists  of  wood  im^ 
perfectly  burnt  by  the  action  of  superheated  steam. 

(4".)  Animal  charcoal  {ivory  black). — By  burning  bones  or  other  animal 
matters  in  closed  retorts.  A  fetid  oil  is  given  off  together  Avith  alkaline 
fumes,  the  nitrogen  present  forming  ammonia. 

(jj.)  Carbon  is  set  free  by  the  action  of  potassium  on  a  carbonate  or 
on  carbonic  acid  at  a  high  temperature  (2Ko  + 3002=0  +  21^200.,). 

Properties.  —  («.)  Sensible. — Oarbon,  in  all  its  forms,  is  a  solid, 
A>ithout  taste  or  smell.  Excepting  the  diamond,  all  varieties  are 
black. 

(/3.)  Physical. — Oarbon  in  the  form  of  diamond  is  the  hardest  sub- 
stance known,  although  in  this  respect  nearly  approached  by  crystal- 
lized boron.  The  other  varieties  are  comparatively  soft,  although 
graphite,  which  may  be  easily  cut  with  a  saw,  is  said  to  wear  out  the 
instruments  rapidly,  owing  to  the  extreme  hardness  of  its  minute 
particles. 

Oarbon  is  dimorphoxis.  It  is  cubic  in  the  diamond,  and  six  sided  in  some 
varieties  of  graphite.  The  other  forms  of  carbon,  as  well  as  occasion- 
ally graphite,  are  amorphous.  Its  specific  gravity  varies  ;  that  of  the 
diamond  T&wges,  from  3-33  to  3-55;  of  graphite,  horn  2-0  to  2-35  ;  of 
anthracite  and  coke,  from  1-4  to  2,  etc. 

Action  of  heat. — Oarbon,  in  all  its  forms,  is  believed  to  be  infusible 
and  non-volatile.  It  has  been  noticed,  however,  that  when  the  carbon 
points  from  a  large  battery  are  brought  into  contact  in  an  exhausted 
receiver,  a  dark  cloud  appears,  being  a  black  crystalline  body 
slowly  deposited  on  the  sides  of  the  glass.  Further,  finely  powdered 
carbon  after  exposure  to  the  intense  heat  of  the  voltaic  arc,  forms  a 
coherent  mass  as  if  it  had  been  fused.  (Despretz.)  The  diamond, 
when  heated  in  the  battery,  swells  up  and  cakes,  although  there  is  no 
reason  to  believe  that  it  is  capable  of  vaporisation.  Finely-divided 
carbon  conducts  heat  badly.  The  diamond  is  a  non-conductor  of  heat. 
The  other  varieties  of  carbon  when  "  en  masse,"  conduct  heat  well, 
their  power  of  conduction  increasing  with  density. 

*  If  a  piece  of  wood  (CgHioGj)  be  burnt  in  the  open  fire,  witk  free  access  of  air, 
carbonic  acid  and  water  only  are  produced;  but  when  burnt  in  a  close  vessel,  i.e., 
where  free  access  of  oxygen  is  prevented,  the  wood  does  not  truly  burn,  but 
simply  undergoes  destructive  distillation  ;  that  is,  it  becomes  changed  into  simpler  and 
more  stable  products,  tar,  acetic  acid,  and  wood  spirit  being  amongst  the  products 
formed. 
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Carbon,  in  all  forms,  excepting  that  of  the  diamond,  is  a  conductor 
of  electricity.    Hence  the  use  of  graphite  in  electrotyping. 

(y.)  Chemical. — Carbon  in  all  varieties  is  combustible  in  air  and 
oxygen,  yielding  as  its  sole  product  carbonic  anhydride  (CO2).  The 
diamond  and  graphite  are  difficult  of  combustion,  but  the  rest  burn 
easily.  In  none  of  its  forms  is  carbon  altered  by  exposure  to  air  ; 
hence  many  of  its  uses. 

Action  of  oxygen. — The  action  of  oxygen  on  carbon  is  sometimes, 
though  rarely,  manifested  at  ordinary  temperatures.  Thus  ferric 
may  be  changed  to  ferrous,  and  mercuric  to  mercurous  salts,  by 
merely  shaking  up  their  solutions  with  powdered  charcoal.  At  high 
temperatures,  carbon  burns  in  oxygen,  and  even  in  carbonic  anhy- 
dride, in  which  latter  it  appropriates  one  half  of  the  oxygen 
(C  +  C02=2CO.)  Hot  charcoal  decomposes  steam,  liberating  hydro- 
gen, and  setting  free,  according  to  the  temperature,  either  carbonic 
anhydride  or  carbonic  oxide.  Its  property  of  combining  with  oxygen 
is  made  use  of  in  extracting  the  metals  from  their  oxides,  carbonic 
anhydride  being  set  free  in  the  case  of  easily  reduced  oxides 
(2PbO  +  C  =  Pbg+COg),  and  carbonic  oxide  in  the  case  of  those  more 
difficult  of  reduction  (ZnO+C  =  Zn  +  CO.) 

Action  of  the  haloids. — The  direct  combination  of  carbon  with  the 
haloids  cannot  be  effected,  but  indirect  combination,  either  by  the 
substitution  of  the  haloid  elements  for  hydrogen  in,  or  the  addition 
of  the  haloid  elements  to,  the  hydrocarbons,  is  of  constant  occurrence. 
Thus  ethylene  (C8H4)  will  combine  with  bromine  to  form  ethylene 
dibromide  (C2H4Br„),  which,  by  successive  substitutions  of  bromine 
for  hydrogen,  may  ultimately  be  converted  into  tetrabromethylene 
dibromide  (CgBrg). 

A  solution  of  chlorine  appears  to  dissolve  animal  charcoal,  but  this 
apparent  solubility  is  simply  oxidation,  COy  being  given  off.  A 
similar  result  occurs  with  nitric  acid. 

Action  on  nitrogen. — The  direct  union  of  carbon  with  nitrogen  cannot 
be  effected  ;  but  if  nitrogen  be  passed  over  a  mixture  of  carbon  and 
potassic  carbonate  heated  to  redness,  cyanogen  (CN)  is  formed,  which 
by  its  union  with  potassium  forms  potassic  cyanide  (KgCOa  +  ^C  +  Nj 
=  2KCN  +  3CO.) 

Action  on  sulphur. — Direct  union  between  carbon  and  sulphur  occurs 
at  a  high  temperature,  carbonic  disulphide  (CSj)  being  formed. 

Action  on  hydrogen. — Hydrogen  unites  directly  with  carbon  at  high 
temperatures,  such  as  the  heat  of  the  voltaic  arc,  forming  acetylene 
(C2H2).  (Berthollet.)  During  the  destructive  distillation  of  organic 
bodies,  numerous  hydrocarbons  are  produced.  {See  Destructive  Dis- 
tillation.) 

Action  on  the  metals. — Carbon  unites  at  high  temperatures  with  certain 
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metals,  such  as  iron,  manganese,  palladium,  iridium,  etc.,  forming 
carbides. 

Carbon  does  not  combine  with  phosphorus. 

We  may  note  generally,  that  carbon  exhibits  a  great  indisposition 
to  combine  directly  with  the  elementary  bodies.  Air  and  water  have 
also  but  little  action  upon  it.  Hence  it  is  customary  to  char  the  ends 
of  stakes  in  order  to  prevent  their  decay  by  the  action  of  air  and 
moisture  when  driven  into  the  ground,  and  to  black-lead  metal  to 
prevent  its  oxidation. 

Action  of  Compounds. — (1.)  Water  has  no  action  on  carbon,  except 
the  carbon  be  red-hot,  when  hydrogen,  together  with  carbonic  oxide 
or  carbonic  anhydride  (one  or  both),  are  formed  (3HoO-|-2C  =  3H2+ 
C0-FC0„). 

(2.)  Acids. — Sulphuric  acid  has  no  action  on  carbon,  imless  the  mixture 
be  heated,  when  the  acid  is  reduced  (2H2S04-|-C=C02+2S02+2H20). 
Nitric  acid  deflagrates  when  heated  with  carbon,  the  oxides  of  carbon 
and  the  lower  oxides  of  nitrogen  being  formed.  The  action  of  nitric 
acid  with  potassic  chlorate  on  the  various  forms  of  carbon  is  ns  fol- 
lows : — Diamond  is  unaffected  ;  graphite  is  changed  into  graphic  or 
graphitic  acid  (graphitic  oxide)  (C11H4O5),  a  yellow  silky  substance, 
insoluble  in  water  or  in  acids,  and  which,  when  heated,  swells  up,  and 
becomes  pyrographitic  oxide ;  the  amorphous  varieties  are  soluble, 
forming  brown  solutions.  Hydrochloric  and  hydrofiuoric  acids  have  no 
action  on  carbon.  Phosphoric  acid  is  reduced  by  it,  phosphorus  being 
set  free. 

(3.)  The  fixed  alkalies  and  the  oxides  generally  do  not  act  on  carbon 
unless  the  carbon  be  heated,  when  the  metals  are  reduced. 

Red-hot  carbon  decomposes  ammonia,  forming  ammonic  cyanide, 
hydrogen,  and  nitrogen. 

Charcoal  has  certain  remarkable  properties  of  absorption,  which  we 
must  consider  : — 

(a.)  Its  power  of  absorbing  aqueous  vapor. — Recently  ignited  charcoal 
from  different  sources  was  found  to  absorb  the  following  percentages, 
by  weight,  of  water  (Allen  and  Pepys)  : — 

"Weight  of  H^O 
per  cent,  absorbed. 

Lignum  vitaB  charcoal        ...        ...        ...  9*6 

Fir  charcoal   13-0 

Beech  charcoal        ...       ...        ...        ...  16'0 

Oak  charcoal           ...        ...        ..         ...  16-5 

Mahogany  charcoal  ...        ...        ...        ...  18-0 

{b.)  Its  power  of  absorbing  gases. — The  more  liquefiable  the  gas,  the 
more  easily  it  would  seem  to  be  absorbed.  A  piece  of  hard  wood  char- 
coal was  found  to  absorb  gases  in  the  following  proportions  : — 
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Volume  of  gas  absorbed. 

Ammonia  (NH^)  ...       ...       ...       ...  90 

Hydrochloric  acid        ...        ...        ...        ...  85 

Sulplmrous  anhydride  ...        ...        ...        ...  65 

Sulpliuretted  Iiydrogeu  (HgS)  ...        ...        ...  55 

Nitrous  oxide  (NgO)     ...        ...        ...        ...  40 

Carbonic  acid  (COj)     ...        ...        ...        ...  35 

Carbonic  oxide  (CO)    ...        ...        ...        ...  9*4 

Oxygen  ...       ...       ...       ...       ...       ...  9'3 

Nitrogen...        ...        ...        ...        ...        ...  7*5 

Hydrogen    1-75 

Charcoal  made  from  the  shell  of  the  cocoa-nut  is  said  to  be  the  most 
absorbent  of  all  varieties.  (Dewar.) 

(c.)  Its  power  of  absorbing  odors. — The  deodorizing  property  of 
charcoal  is  very  marked.  Hence  its  supposed  antiseptic  properties. 
It  does  not,  however,  prevent  decomposition,  but  absorbs  noxious 
gases,  afterwards  oxidizing  them  by  the  oxygen  condensed  in  the  pores 
(Stenhouse),  dissipating  tlie  carbon  of  the  noxious  matters  as  car- 
bonic acid,  and  the  hydrogen  as  water.  The  ammonia  formed  is 
absorbed  by  the  charcoal. 

(d.)  Its  power  of  absorbing  coloring  matters. — The  decolorizing  pro- 
perty of  charcoal  is  specially  manifested  in  the  case  of  animal  charcoal 
or  bone-black,  possibly  because  it  contains  a  large  proportion  of  calcic 
phosphate,  which  serves  to  extend  the  carbon  particles.  Hence  its 
use  in  sugar  factories.  After  the  decolorizing  power  is  exhausted  it 
may  be  renewed  by  reheating  the  carbon  in  closed  vessels.  Seaweed 
charcoal  has  also  very  considerable  decolorizing  power. 

(e.)  Its  jwioer  of  absorbing  mineral  and  other  substances. — Thus,  if 
strychnia  or  iodine  in  solution  be  shaken  up  with  charcoal,  they  are 
rapidly  absorbed.  Lime  may  be  abstracted  from  lime  water,  and 
lead  acetate  from  its  solution  by  similar  treatment.  Charcoal  is  used 
by  the  distiller  for  the  purpose  of  removing  the  empyreumatic  oils  from 
spirit. 

Uses.  (A.)  In  Nature. — Carbon  is  found  as  a  constituent  of  every 
organic  substance.  Thus  it  gives  the  plant  its  solidity  and  its 
form.  Organic  chemistry  has  been  defined  as  the  chemistry  of  carbon 
and  its  compounds. 

(B.)  In  the  Arts,  (a.)  Diamonds  are  used  (I)  as  gems;  (2)  for  glass 
cutting  ;  and  (3)  for  lapidary  work.  The  diamond  dust  commonly  used 
for  this  purpose  is  the  powder  of  the  dark  Brazilian  diamond. 

{ft.)  Graphite  is  used  (1)  iov  pencils  (black  lead)  ;  (2)  for  blach-leading 
to  protect  iron  from  rust ;  (8)  for  crucibles  mixed  with  clay  (blue  pots) 
on  account  of  its  power  of  resisting  high  temperatures  and  sudden 


COAL. 


205 


changes  ;  (4)  as  a  lubricator  to  diminish  the  frictiou  of  machinery  ; 
(5).  as  a  facing  or  protectant  for  gunpowder,  etc. 

(y.)  Coke  is  used  for  domestic  firing  and  in  metallurgical  operations. 
(L)  Gas  Carbon  is  a  good  conductor  of  electricity.    It  is  used  for 
battery  plates,  for  the  carbon  of  arc  lights,  etc. 

(f.)  Lamp  Black,  owing  to  its  unalterable  nature,  is  used  as  a 
pigment  in  the  manufacture  of  printing  ink,  blacking,  etc. 

(^•)  Vegetable  or  wood  charcoal  is  used  as  a  disinfectant  and  deodorizer. 
Thus,  in  covering  graves,  in  dissecting  rooms  and  in  hospital  wards  it  is 
used  to  prevent  offensive  smells  being  emitted  from  putrescent  matters, 
whilst  in  respirators  it  is  employed  to  purify  a  vitiated  air  before  it 
reaches  the  lungs.  (Steuhouse.) 

(17.)  Animal  charcoal  is  largely  used  as  a  decolorizer  in  sugar-refining, 
in  the  purification  of  alkaloids,  oils,  etc. 

(0.)  As  an  absorbent  of  impurities,  we  employ  animal  charcoal  for 
water  filters,  Avhilst  in  cases  of  poisoning  by  various  substances,  such 
as  strychnia,  etc.,  the  injection  of  charcoal  into  the  stomach  as  an 
absorbent  constitutes  an  important  method  of  treatment. 

(t.)  As  a  fuel  the  use  of  charcoal  is  important. 

Coal. 

Coal  has  a  vegetable  origin.  The  change  from  wood  to  coal  is 
effected  by  a  peculiar  decomposition  or  fermentation,  brought  about  by 
the  agency  of  heat  and  moisture  under  great  pressure  with  exclusion  of 
air,  whereby  much  of  the  hydrogen  of  the  wood  is  eliminated  as  marsh 
gas  (CH4),  and  the  oxygen  as  carbonic  anhydride  (COo),  an  accumu- 
lation of  tlie  carbon  resulting.  These  changes,  from  wood  to 
anthracite,  the  oldest  of  the  carboniferous  deposits,  are  represented 
in  successive  steps  in  the  following  table  : — 


(1.)  Wood  

Carlon. 

Hydrogen. 

Oxygen. 

100 

12-18 

83-07 

(2.)  Peat  

100 

9-85 

55-67 

(3.)  Lignite  , 

100 

8-37 

42-42 

(4.)  Bituminous  coal 

100 

6-12 

21-23 

(0.)  Anthracite 

100 

2-84 

•  1-74 

The  passage  from  wood  to  coal,  therefore,  consists  in  the  storage  of 
the  carbon  and  iu  the  elimination  of  the  hydrogen  and  oxygen.  A  little 
.sulphur  is  also  present  in  coal,  derived  partly  from  vegetable  albu- 
men, and  partly  existing  as  FeSg  derived  from  extraneous  sources, 
lliere  are  also  certain  saline  and  earthy  substances  present,  which 
constitute  the  coal  ashes. 

The  composition  of  various  kinds  of  coal  is  shown  in  the  following 
table : — 
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Lignite. 
Brown  Coal. 

Bituminous 
Coal. 

Wigan 
Cannel. 

Anthracite. 

Coke. 

Carbon  . . 
Hydrogen. 
Nitrogen 
Oxygen  . .     . . 
Sulphur . . 

66-32 
5-63 
0-56 

22-86 
2-36 
2-27 

78-57 
5-29 
1-84 

12-88 

0-  39 

1-  03 

80-06 
6-53 
2-12 
8-09 

1-  50 

2-  70 

90-39 
3-28 

U  OO 

2-98 

0-  91 

1-  61 

96-6 
0-4 

U  X 

0-8 

0-  3 

1-  8 

100-00 

100-00 

100-00 

100-00 

100-0 

The  ash  of  coal  varies,  however,  to  a  much  greater  extent  than  is 
stated  above.  A  good  coal  should  not  contain  more  than  5  per  cent, 
of  ash,  whilst  a  bad  coal  often  contains  25  per  cent.  The  following  is 
the  average  percentage  composition  of  40  samples  of  ash:— 

Silica    ^^'^ 

Lime        •  •  •       •  •  • 

Magnesia  ... 
Alumina  and  ferric  oxide 
Sulphuric  acid 
Phosphoric  acid  ... 

100-0 

The  sulphur  present  in  the  coal  is  important,  the  product  of  its 
combustion  being  sulphurous  acid.    Good  coal  should  not  conta.n 
Ire  than  from  1  to  1-5  per  cent,  of  sulphur.    The  coke,  which  vane 
from  50  to  70  per  cent,  of  the  coal  carbonized,  generally  contams  abou 
one-half  the  qLtity  of  the  sulphur  present  in  the  coal  from  which  it 
was  prepared. 

Amount  of  Sulphur  in  different  Varieties  of  Coal. 


Maximum. 

Minimum. 

Average. 

5-07 

2-  85 
1-30 

3-  04 
1-57 

0-09 
0-06 
0-80 
0-52 
0-33 

36  exps.  1-47 
18     „  1-24 

7  „  l-Ol 
28     „  1-43 

8  1-11 

When  coal  is  heated  in  closed  vessels,  the  voiac  ie  "S-"--  ."^^ 
as  the  hydrogen,  oxygen,  and  nitrogen  present  m  the  coal  are  driv  i 
off  dthe^inf  fr;e  sLte  or  combined  with  more  or  less  carbon  whi 
It^at  is,  the  carbon  and  earthy  -f^r)  remains  t,e^^^^^^^^^^ 
composition  of  coke  will  be  seen  m  the  above  table.    The  mo 
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tense  the  heat  to  which  the  coal  is  subjected,  tlie  more  dense  and  the 
more  incombustible  the  coke,  and  the  better  fitted  it  becomes  for  pro- 
ducing a  steady  and  intense  heat. 

Process  of  burning  coal  in  the  oi^en  fire. —When  the  coal  is  heated  it 
first  softens,  then  swells  up,  and  finally  gives  off  certain  gaseous  pro- 
ducts (such  as  CH,  and  CoH^),  which  take  fire.  If  sufiicient  oxygen 
be  present,  all  the  carbon  would  be  dissipated  as  COj,  and  all  the 
hydrogen  as  H^O.  This,  however,  never  happens  in  a  fire  grate 
Such  gases  as  CH4  and  C^H,  (marsh  and  olefiant  gas)  burn  without 
=^moke.  A  large  quantity  of  hydrocarbon  vapors,  however,  such  as 
benzol,  naphthalene,  etc.,  which  are  also  formed,  catch  fire,  but  the  oxv- 
gen  being  present  in  insufficient  quantity,  these  undergo  only  partial 
combustion.  The  unconsumed  carbon  from  these  bodies,  together  with 
ammonic  carbonate  and  other  products,  escape  to  form  the  smoke  and 
soot  The  hot  coke  now  left  in  the  grate  burns  away  until  all  the 
carbon  is  consumed,  and  the  ash  or  incombustible  mineral  matter  onlv 
remains. 

When  coke  is  used  as  a  fuel,  it  does  not  undergo  the  first  changes 
just  described.  Coke  does  not  swell  or  soften,  and  for  this  reason 
cannot  choke  the  draught  like  coal.  Further  it  is  less  combustible  than 
coal,  from  the  absence  of  inflammable  hydrocarbons,  and  conse- 
quently burns  without  smoke. 

It  will  be  noted  that  anthracite  or  steam  coal  (stone  coal  or  Welsh 
coal),  contains  more  carbon  and  less  hydrogen  than  ordinary  coal, 
it,  m  fact,  more  nearly  approaches  the  condition  ^of  coke     It  there 
fore  emits,  when  burnt,  but  little  smoke  and  but  little  volatile 
furnaces''''  1^"^^  Its  principal  use  is  for 

Smoke  nuisances.-To  remedy  or  reduce  to  a  minimum  the  escape 
ot  smoke,  three  things  are  necessary  : 

1st.  That  the  fuel  should  be  supplied  in  small  quantities  at  a 
time,  and  be  placed  well  in  front  of  the  fire.    (In  Jucke's  patent 
a  regular  supply  of  fuel  is  effected  by  mechanical  means.) 
2nd.  That  a  strong  fire  should  be  constantly  maintained. 
[The  fuel  should  be  supplied  in  small  quantities,  in  order  that  the 
olatde  hydrocarbons  should  not  be  evolved  in  too  great  abundance  at 
a  time  ;  and  it  should  be  put  in  front  of  the  fire,  so  that  before  their 
escape  they  may  pass  over  a  large  surface  of  glowing  embers,  whilst 
It  IS  important  that  the  fire  should  be  burning  briskly,  in  order  that  the 
.ases  and  vapors  may  be  consumed  as  fast  as  they  are  generated.] 

3rdly.  There  should  be  an  adequate  supply  of  air.  In  certain 
smoke  preventers  (as  Hill's  patent)  hot  air  is  supplied  to  the 
gases  as  they  leave  the  fire,  in  order  to  complete  tlie  combustion 
ot  any  unburnt  portions. 
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It  is  clear  that  the  prevention  of  smoke  depends  largely  on  the 
attention  of  the  stoker. 

Charcoal  is  often  used  as  fuel.  Its  advantage  over  wood  is  two- 
fold ;  (1)  That  the  moisture  and  volatile  matters  of  the  wood  have 
been  got  rid  of  ;  and  (2)  that  the  percentage  quantity  of  carbon  is 
much  greater  in  the  charcoal  than  it  is  in  the  wood.  In  the  first  case 
much  heat  is  lost  in  the  formation  of  steam  and  volatile  compounds 
when  wood  is  used  for  fuel,  which  is  avoided  by  using  charcoal  ;  and 
in  the  second  case,  a  given  weight  of  charcoal  emits  twice  as  much 
heat  as  the  same  weight  of  wood.  Thus  the  use  of  charcoal  both 
prevents  loss  and  concentrates  heat. 

(C.)  In  Medicine  charcoal  has  been  employed  in  cases  of  dyspepsia, 
obstinate  constipation,  and  as  an  application  to  foul  ulcers  [carbo 
animalis,  B.P.  (bone-black)].  The  charcoal  is  purified  (carbo  animalis 
purificatus,  B.P.)  by  digesting  the  crude  charcoal  in  hydrochloric 
acid  and  water  to  remove  the  calcic  phosphate.  Carbo  ligni,  B.P., 
(wood  charcoal,)  is  also  officinal.  It  is  often  administered  in  the  form 
of  biscuits  or  lozenges.  Its  use  in  various  cases  of  poisoning  has 
been  already  noticed. 


COMPOUNDS  OF  CAEBON  AND  OXYGEN. 

Carbonic  oxide  

Carbonic  anhydride    ^^2- 

Carbonic  Oxide,  CO. 

Molecular  weight,  28.    Molecular  volume,  [Tj  •    ^^^^^^^^^  "^''9^'^' 


Specific  gravity,  0-961.  Calculated  (0-0693  xU)  0-970.  I  litre 
weighs  1-254  grms.,  and  100  cubic  inches,  10-002  graiiis. 

Synonyms. — Carbon  monoxide. 

History  —Discovered  by  Priestley  when  igniting  chalk  in  a  gun- 
barrel  He  supposed  it  to  be  hydrogen.  Its  true  nature  was  after- 
wards determined  (1803)  by  Cruickshank,  Clement,  and  Desormes. 

Natural  History.— I*  is  never  found  except  as  an  artificial  product, 
as  «fl  (1)  In  the  neighbourhood  of  inci  or  limekilns;  (2.)  In  the 
lases  issuiu-  from  iron  blast-furnaces  (25  to  32  per  cent.),  from  copper 
refining  furnaces  (15  per  cent.),  as  well  as  from  ordinary  stoves.  Its 
escape  means  waste. 

Preparation.-(l.)  By  burning  carbon  in  a  limited  supply  of  air 

f2)  By  passing  carbonic  anhydride  over  either  red-hot  iron 
(Priestley)  or  red  hot  carbon,  or  by  heating  a  carbonate  (other 
than  an  alkaline  carbonate)  with  iron  filings  or  charcoal  :— 
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(a.)  4CO2         +    Fea  =  Fe304  +  4C0 

Carbonic  anhjdride    +    Iron    =    Magnetic  oxide  of  iron    +    Carbonic  oxide. 

(^•)  CO,  +      c      =  2C0. 

Carbonic  anhydride    +    Carbon    =    Carbonic  oxide. 

(y.)         CaCOa       +      C      =  CaO  +  2C0. 

Calcic  carbonate   +    Carbon    =    Lime   +    Carbonic  oxide. 

(3.)  By  heating  together  oxalic  acid  (or  au  oxalate)  and  sulphuric 
acid : — 

aH,0    +  H,SO,  =    CO,    +        CO       +  H,0  +  H,SO 
Oxahc  acid  +  Sulphuric   =  Carbonic  +  Carbonic  oxide  +  Water  +  Sulphuric 
acid  anhydride  ^^-^j^ 

[Note.  — 1.  The  sulphuric  acid  merely  abstracts  water  from  the 
oxalic  acid. 

2.  Bv  washing  the  gaseous  products  with  a  solution  of  sodic 
hydrate,  the  COg  will  be  dissolved  and  the  CO  be  left.] 

(4.)  By  heating  together  potassic  ferrocyanide  and  sulphuric  acid 
K  FeC,N,  +    6H,S0,  +  6F,0  =  2K,S0,  +    PeSO,  +3(NHJ,S0,+  6C0. 
Potassic    +  Sulphuric+  Water  =  Potassic  +  Ferrous  +  Ammonic  +  Carbonic 
ferrocyanide         acid  sulphate      sulphate  ^  sulphate   ^  oxiSe! 

(5.)  By  heating  a  formate  (or  formic  acid)  with  sulphuric  acid  :— 
CH2O2       =      H„0      +  CO. 
Formic  acid       =       Water       +       Carbonic  oxide. 
(6.)  By  heating  ferric  or  zinc  oxide  with  charcoal 

ZnO  +         C         =       Zn       +  CO 

Zmc  oxide       +       Carbon       =       Zinc       +       Carbonic  oxide. 
Properties— (a.)  Sensible.—A  colorless  gas  without  odor  or  taste. 
(13.)  Physiological.— Cwhonic  oxide  is  a  pure  narcotic  poison  Its 
effects  were  described  by  Guyton  Morveau  in  1802,  and  by  Sir  H 
Davy  in  1810.    Its  injurious  effects,  when  injected  into  the  veins' 
were  recorded  by  I^ysten.    Tourdes  proved  that  1  part  of  the  gas  in 
7  of  air  killed  rabbits  in  seven  minutes,  1  in  15  in  twenty-three 
minutes,  and  1  in  30  in  thirty-seven  minutes.    Leblanc  and  Dumas' 
experiments  show  that  air  containing  1  per  cent,  of  the  gas  will  kill 
a  dog  in  one  and  a-half  minutes,  and  that  birds  die  instantly  in  an 
atmosphere  containing  5  per  cent. 

Dr.  Letheby  found  in  his  experiments  that  air.  containing  0-5  per 
cent,  of  the  gas  kills  small  birds  in  about  three  minutes,  whilst  an 
atmosphere  containing  1  per  cent,  proves  fatal  in  about  half  the  time. 

It  has  been  proved  that  the  poisonous  action  of  carbonic  oxide 
depends  on  the  formation  in  the  blood  of  a  new  and  fixed  compound 
ot  carbonic  oxide  and  hsemoglobin. 

_  (y.)   Physical—Its  specific  gravity  is  0-967;  the  gas,  therefore, 
13  tourteen  times  heavier  than  hydrogen.    At— 310°  F  (-190°  C) 
T  o'l'^Jon^  pressure,  the  gas  has  been  liqueQed,  and  at -349-6°  F. 
L.)  solidified.    Its  "  critical  point "  (see  p.  213)  is  —179-1°  F. 
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(  — 139"o°C.).  Pressure  witliont  cold  has  as  yet  failed  to  liquefy  it. 
It  is  decomposed,  when  passed  tliroiigli  a  red-hot  tube,  into  carbon  and 
carbonic  anhydride.  (See  page  15.)  It  is  slightly  soluble  in  water 
and  alcohol,  100  volumes  of  water  dissolving  2*43  volumes  at  60°  F., 
and  100  volumes  of  alcohol  20  volumes  of  the  gas. 

(2.)  Chemical. — Carbonic  oxide  is  an  indifferent  oxide,  and  has  no 
action,  free  or  dissolved,  either  on  litmus  or  turmeric.  It  burns  with 
a  pale  blue  and  very  hot  flame,  carbonic  anhydride  being  the  only 
product.  It  neither  supports  combustion,  nor  whitens  lime  water. 
It  explodes  with  half  its  volume  of  oxygen,  forming  carbonic  anhy- 
dride. It  has  no  action  on  any  metal,  except  potassium,  which 
absorbs  it  when  heated  to  176°  F.  (80°  C.)  (KgCO).  It  combines  with 
chlorine  in  equal  volumes  under  the  influence  of  sunlight  to  form 
phosgene  gas  (COCle). 

It  forms  potassic  formate  when  heated  with  potassic  hydrate  (KHO  + 
C0=KCH02).  It  is  absorbed  by  a  solution  of  cuprous  chloride  in 
hydrochloric  acid,  forming  the  compound  (CO,Cu2Clo,2H20).  On  boil- 
ing this  liquid,  the  CO  is  expelled  unaltered. 

The  carbonic  oxide  flame  is  employed  in  the  reverberatory  furnace 
as  a  reducing  agent,  where  it  is  made  to  play  over  metallic  ores,  the 
CO  becoming  CO2  at  the  expense  of  the  oxygen  of  the  metallic  oxide. 
The  carbonic  oixide  is  produced  by  causing  the  carbonic  anhydride, 
formed  at  the  bottom  of  the  grate,  to  pass  through  the  hot  coal  in  the 
grate  (C02-|-C=2CO).  The  same  thing  occurs  in  an  ordinary  stove, 
the  COg  formed  at  the  bottom  of  the  stove  where  there  is  plenty  of 
air,  becoming  CO  as  it  passes  through  the  fire,  which  burns  so  soon  as 
it  reaches  the  surface.  Carbonic  oxide  is  present  to  the  extent  of  34 
per  cent,  in  water  gas.  This  is  prepared  by  first  passing  steam  over 
red-hot  coke,  whereby  hydrogen  and  carbonic  oxide  are  formed 
(4H20-f  C3=C02+2CO-f  4H„),  the  combustible  gases  being  afterwards 
rendered  illuminating,  by  causing  them  to  traverse  red-hot  coke 
saturated  with  melted  resin.  The  presence  of  so  large  a  quantity  of 
carbonic  oxide  would  render  the  use  of  water  gas  very  dangerous. 
Common  coal  gas  also  contains  from  4  to  7  per  cent,  of  carbonic  oxide. 
As  a  fact  carbonic  oxide  always  results  from  the  destructive  distillation 
of  organic  bodies  containing  oxygen. 

Carbonic  Anhydride  CO2. 

Molecular  weight,    44.     Molecular  volume,  \    \    |.     Specific  gravity, 
1-529:   CaZctttoec?  (0-0693x22)  1-524.     \00  cubic  inches  weigh 
47-146  grains,  and  1  litre  1*971  grms. 
Synonyms— Commonly  called  Carbonic  acid ;  Carbon  or  Carbonic 
Dioxide;  Mephitic  Air;  Gas  Sylvestre ;  Fixed  Air  ;  Choke  Damp. 

History— Carbonic  anhydride  was  known  to  Paracelsus  and  Von 
Helmout.    It  was  examined  by  Black  in  1757,  and  called  by  him 
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'Fixed  Air.'  In  1775  Lavoisier,  by  careful  experiments  on  the 
product  of  the  combustion ;  of  the  diamond,  determined  its  exact 
nature  and  named  it  carbonic  acid. 

Natural  History. — (a.)  In  the  mineral  kingdom  carbonic  anhydride 
is  found  free  in  the  air  to  the  extent  of  about  0-04  per  cent.  It  is 
evolved — 

(1.)  As  a  product  of  respiration  in  man  and  awmaZs.— Respired  air 
contains  about  4  per  cent,  of  carbonic  anhydride,  produced  by  the  slow 
oxidation  of  the  tissues. 

(2.)  As  a  product  of  fermentation.— Thus,  accidents  have  arisen  from 
plunging  the  head  into  fermenting  vats. 

(3.)  As  a  product  of  lime  iiimm^.—Calcic  carbonate  when  heated 
evolves  carbonic  anhydride,  leaving  caustic  lime  (CaCOs^CaO  +  CO  ) 
In  volcanic  districts  a  similar  action  takes  place  by  subterranean  heat  • 
thus  immense  quantities  of  CO^  are  given  out  into  the  air,  whilst  the 
springs  in  the  neighbourhood  become  charged  with  the  gas 
_   (4.)  As  a  product  of  slow  oxidation.— Th^s,  spring  water  becomes 
impregnated  with   carbonic  acid  from  the  oxidation  of  the  organic 
matter  by  the  oxygen  dissolved  in  the  water.    If  a  bottle  half  full 
of  water  containing  organic  matter,  be  kept  in  a  warm  room  and  in  a 
closed  vessel,  the  oxygen  in  the  bottle  will  be  found  after  a  time  to  be 
more  or  less  completely  replaced  by  a  corresponding  volume  of  carbonic 
anliydride.    bo  also  carbonic  anhydride  no  doubt  results  during  the 
formation  of  coal,  just  as  it  is  found  in  old  wells  and  cellars,  where  it 
IS  produced  by  the  decay  of  organic  matter  and  in  some  cases,  perhaps, 
exhaled  from  the  earth.  ^ 

(5.)  As  aproduct  of  the  explosion  o/>5-cZamp  (CH,). -The  poisonous 
action  of  the  product  of  the  explosion  of  fire-damp,  viz.  carbonic 
anhydride  {choice  damp),  is  more  often  the  cause  of  fatal  accident  than 
the  explosion  itself. 

(6.)  As  a  product  of  comhustion.-A\\  hoAie^  containing  carbon  yield 
by  combustion  carbonic  anhydride.  Two  ordinary  candles  produce  as 
much  carbonic  anhydride  in  an  equal  time  as  one  adult.  (Angus  Smith.) 

It  IS  also  found  in  a  combined  state  in  carbonates,  as  in  limestone, 
marbJe,  and  chalk. 

C/3.)  It  is  not  found  in  any  great  quantity  in  the  vegetable  kingdom, 
the  special  action  of  the  plant  being  to  decompose  it,  whilst  (y)  in  the 
ammal  ktngdom  is  found  in  the  exhaled  air  derived  from  the  com- 
bustion  of  tissue. 

(c+o!=cor"~^^"^  ^""""^  "''^^'^ 

.rnr\^^        uT'"''  °°  carbonates.     If  sulphuric  acid  be 

pmired  on  marble   carbonic  anhydride  is  set  free,  but  the  action  is 
oon  arrested  by  the  formation  of  an  insoluble  lime  sulphate  over  the 
•surface  of  the  marble.  (Chalk  with  dilute  sulphuric  acid  can  be  used  ) 
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Hence  we  ordinarily  employ  HCl  for  the  purpose  of  liberating  the 
gas  : — 

CaCOa        +        2HC1     =       CaCle         +    H,0     +  CO^. 
Calcio  carbonate    +    Hydrochloric  =  Calcic  cUoride    +   Water    +  Carbonic 

acid  aahydride 

It  must  be  collected  by  displacement. 

(3.)  By  heating  carbonates  other  than  alkaline  carbonates  : — 
(CaC03=CaO  +  C02). 

Properties. — («•)  Sensible.  Carbonic  anhydride  is  a  colorless  gas. 
It  has  no  odor  when  largely  diluted  with  air,  but  the  presence  of 
above  5  per  cent,  of  COg  renders  the  air  irritating  and  pungent. 

(j3.)  Physiological.  When  swallowed,  the  gas  is  harmless.  When 
inhaled  it  acts  as  a  narcotic  poison. 

(1.)  The  undiluted  gas  kills  instantly  by  causing  spasm  of  the 

glottis. 

(2.)  When  diluted  with  air,  so  that  the  proportion  of  the  gas 
present  is  about  12  or  14  per  cent,  (as  occurs  in  a  room  where  a  chafing 
dish  has  been  burnt)  it  causes  giddiness,  hurried  circulation,  fulness  in 
the  head,  noises,  confusion,  perhaps  delirium,  and  finally  coma,  which 
may  last  a  considerable  time. 

(3.)  Air  containing  4  or  5  per  cent,  of  carbonic  anhydride  (such  as 
air  once  breathed)  causes  a  sense  of  oppression  with  headache,  distress, 
and  perhaps  delirium  or  coma. 

(4.)  Air  containing  3  per  cent,  of  carbonic  anhydride  cannot  be 
breathed  without  great  distress,  and  will  probably  produce  insensi- 
bility. 

(5.)  An  atmosphere  containing  1  or  even  0-5  per  cent,  of  carbonic 
anhydride  (such  as  is  found  in  ill-ventilated  theatres)  is  distressing. 

(6.)  Its  presence  in  the  proportion  of  O'l  per  cent,  may  be  considered 
the  boundary  line  between  good  and  bad  air. 

These  facts  show  the  necessity  of  good  ventilation.  Although 
carbonic  anhydride  is  half  as  heavy  again  as  air,  nevertheless  the 
processes  whereby  it  is  produced  render  it  specifically  lighter  by 
raising  its  temperature.  Thus  it  ascends  and  accumulates  near  the 
ceihng.    The  chimney  opening  only  ventilates  the  lower  part  of  the 

(y.)  Physical.  The  specific  gravity  of  carbonic  anhydride  is  l-5Jy, 
that  is,  it  is  22  times  heavier  than  hydrogen.  Hence  it  accumulates  on 
the  floors  of  caves  and  caverns  (Grotto  del  Cane).  By  a  pressure  of  50 
atmospheres  at  59°  F.  (15°  C),  or  by  a  pressure  of  38  atmospheres  at 
32°  F.  (0°  C),  the  gas  maybe  hquefied,  the  hquid  acid  having  a  gravity 
of  0-83.  It  may  again  be  noted  here,  that  in  liquefying  gases  by  cold 
and  pressure,  an  increased  pressure  is  not  necessarily  equivalent  to  a 
reduced  temperature,  there  being  a  temperature  at  which  a  liquefiable 
gas  cannot  be  liquefied  by  any  attainable  pressure.    This  is  termed  the 
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"  critical  imint,'^  that  is,  the  point  where  the  gas  is  wavering  between 
the  gaseous  and  the  liquid  state.  Thus,  if  carbonic  anhydride  be 
heated  to  88°  F.  fSl-l"  C),  a  pressure  of  109  atmospheres  will  not 
effect  the  liquefaction  of  carbonic  anhydride. 

Liquid  carbonic  anhydride  does  not  mix  freely  with  water,  but  is 
soluble  in  spirit,  ether,  turpentine,  carbonic  disulphide,  etc.  It  ex- 
pands by  heat  more  rapidly  than  any  other  known  body.  Thus  at 
32°  F.  (0°  C.)  it  has  a  specific  gravity  of  0-947,  whilst  at  68°  F.  (20  C.) 
its  sp.  gr.  is  0-826.  If  it  be  cooled  to  —70°  F.  (—56°  C),  or  if  it  be 
allowed  to  escape  into  the  air  at  ordinary  temperatures,  it  instantly 
freezes  into  a  snow-white  solid,  the  cold  produced  by  its  evapora- 
tion in  the  latter  case  answering  to  the  artificial  cold  in  the 
former.  It  evaporates  without  melting,  inasmuch  as  the  heat  it 
requires  for  its  evaporation  keeps  it  as  low  as — 125°  F.  (—87-2°  C), 
whilst  it  melts  at— 85°F.  (—65°  C).  It  conducts  electricity  badly.  A 
cold  of —148°  F.  (—100°  C),  is  produced  by  the  evaporation  of  a 
mixture  of  solid  carbonic  anhydride  and  ether  (in  which  it  is  soluble) 


"  m  vaciio 


A  heat  of  2192°  F.  (1200°  C.)  dissociates  carbonic  anhydride  into 
oxygen  and  carbonic  oxide,  re-combination  occurring  if  the  mixture 
be  allowed  to  cool  slowly.  Similarly,  the  heat  of  the  electric  spark 
will  effect  dissociation,  the  oxygen  set  free  being  said  to  be  in  an 
ozonised  condition. 

At  ordinary  temperature  (15°  C.)  and  pressure  (760  mm.),  1  volume  of 
water  absorbs  1  volume  of  the  gas  ;  at  2  pressures,  1  volume  of  water 
absorbs  2  volumes  ;  at  3  pressures,  3  volumes,  etc.  ;  but  on  the 
removal  of  the  extra  pressure  all  the  dissolved  gas  escapes  except 
the  original  volume.  Thus,  by  pressure  under  the  earth,  water  may 
be  made  to  take  up  an  extra  quantity  of  gas,  whereby  the  water  is 
rendered  effervescent  when  it  comes  to  the  surface.  By  boiling  the 
whole  of  the  dissolved  COg  may  be  driven  off. 

The  rain  as  it  falls  dissolves  atmospheric  carbonic  anhydride, 
the  acid  rain  solution  acting  on  certain  rocks,  causing  their  slow 
crumbhng.  This  process  of  rock  disintegration  is  moreover 
assisted  by  the  expansion  of  the  water  within  the  interstices  of  the 
rock  during  congelation.  Thus  soils  are  formed  of  the  broken  down 
debris  (Na4Si04-|-4H20-}-4C02=H,Si04  +  4NaHCO.,).  Further,  owing 
to  the  solubility  of  the  gas  in  water,  the  rain  conveys  it  to  the  roots  of 
plants,  the  solution  dissolving  the  calcic  phosphate  which  is  insoluble 
in  pure  water. 

(c.)  Chemical.— The  volume  of  CO2  formed  by  burning  carbon  in 
oxygen,  is  the  same  as  the  oxygen  employed.  Hence  COg  contains 
Its  own  vohime  of  oxygen — in  other  words  the  atomic  proportion  of 
C:0  is  as  12:32.  Its  formula  therefore  is  COo,  three  volumes  of  the 
constituent  gases  being  condensed  into  two  volumes.  The  gaseous,  but 
not  the  liquid  carbonic  anhydride,  effects  a  transient  reddening  of  blue 
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litmus.  The  pure  gas  instantly  extinguishes  flame.  We  may  classify 
the  results  of  dilute  carbonic  anhydride  on  flame  as  follows  : — 


An  atmosphere  containing 

Action  on  flame. 

16  per  cent,  of  CO3. 
12  „ 
10  „ 
8       ft  j> 

Flame  instantly  extinguished. 
Flame  extinguished  if  not  burning  vigorously. 
Taper  burns,  but  the  flame  considerably  dulled. 
Taper  buxns  readily. 

Thus  it  is  evident  that  a  taper  may  burn  in  a  carbonic  acid  atmo- 
sphere that  is  dangerous  and  even  fatal  to  animal  life. 

Potassium  burns  in  carbonic  auhydi'ide,  setting  free  carbon  (3CO2  + 
2K2=2K2C03  +  C).  Sodic  oxalate  is  formed  when  CO2  is  passed  into 
melted  sodium  (2C02  +  Na2=Na2C204),  and  potassic  formate,  together 
with  hydric  potassic  carbonate,  when  the  moist  gas  is  brought  into 
contact  with  potassium  (2C02  +  K2  +  H20=KHC02  +  KHC03). 

Carbonates  are  formed  by  its  action  on  metallic  hydrates.  {See  Car- 
bonates.) 

Carbonic  acid  (H2CO3)  is  not  known  in  a  pure  state,  but  seeing  that 
a  solution  of  COg  in  water  reddens  litmus,  we  may  assume  some  such 
change  to  occur. 

Tests. — -A-  white  precipitate  with  lime  or  baryta  water.  Its  ready 
solubility  in  a  solution  of  potassic  hydrate  enables  us  to  separate  it 
from  most  other  gases. 

COMPOUNDS  OF  CARBON  AND  THE  HALOIDS. 
Compounds  of  Carbon  and  Chlorine. 

Carbonic  Tetrachloride  ...  ...  CCI4. 

Carbonic  Trichloride  ...  ...  C2CI6. 

Carbonic  Dichloride  ...  ...  ...  C2CI4. 

Carbonic  Monochloride  ...  ...  C2CI2,  or  CgCls- 

These  compounds  are  all  prepared  by  indirect  methods. 

Carbonic  Tetrachloride  (CCi4=i54). 

Synonym. — Bichloride  of  carbon. 
History. — Discovered  by  Regnault . 

Preparation. — (l.)  By  the  action  of  chlorine  on  marsh  gas  (CH4). 

(2.)  By  passing  chlorine  and  carbon  disulphide  vapor  through  a 
red-hot  tube  (CS2  +  4Cl2=CCl4+2SCl2).  The  sulphur  chloride  may 
be  separated  from  the  CCI4  by  solution  in  potassic  hydrate. 

Properties.— A  colorless  liquid.  Specific  gravity,  1-56.  Boils  at 
172°  F.  (77°  C.)  ;  freezes  at  —9°  F.  (—22-8°  C).  It  is  insoluble  in  water, 
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but  is  soluble  in  alcohol  and  in  ether.  It  freely  dissolves  fats,  resins, 
etc.  Chloroform  is  formed  by  the  action  upon  it  of  zinc  and  hydro- 
chloric acid.    Its  vapor  is  powerfully  ansesthetic. 

Carbonic  Trichloride  (C2C]6=202). . 

Synonym. — SesquicMoride  of  carbon. 
History.— Discovered  by  Faraday. 

Preparation. — (l.)  By  the  action  of  sunlight  on  a  mixture  of 
Dutch  liquid  (CgHiClg)  and  chlorine  (C2H4Cl2  +  4Cl2=C2Cl6  +  4HCl). 

(2.)  By  passing  the  vapor  of  carbonic  tetrachloride  (CCI4)  through 
a  red-hot  tube. 

Properties. — A  white  crystalline  solid,  having  an  aromatic  camphory 
odor.  It  fuses  at  320°  F.  (160°  C),  and  boils  at  360°  F.  (182-2°  C), 
when  it  sublimes  unchanged.  It  is  volatile  at  ordinary  temperatures. 
It  is  insoluble  in  water,  but  is  soluble  in  ether  and  in  alcohol. 

Carbonic  Bichloride  (03014=  164). 

Synonym. — Protochloride  of  carbon. 
History. — Discovered  by  Faraday. 

Preparation. — (l.)  By  passing  the  vapors  of  CCli  or  of  OaClg 
through  a  red-hot  tube. 

(2.)  By  the  action  of  nascent  hydrogen  on  carbonic  trichloride 
(OoClg). 

Properties. — A  liquid.  Specific  gravity,  1-19.  Boils  at  248°  F. 
(117°  C.)  It  is  insoluble  in  water,  but  is  soluble  in  alcohol  and  in  ether. 

Carbonic  Monochloride,  OgOlg,  or  QqC\q. 

Synonyms. — Carbonic  subchloride  or  HexacMoride. 
Preparation. — (1-)  By  passing  either  the  vapor  of  carbonic  di- 
chloride  (CgOl4)  or  of  chloroform  through  a  red-hot  tube. 
(2.)  By  the  action  of  chlorine  on  benzene. 

Properties. — A  white  crystalline  solid,  without  odor,  insoluble  in 
water,  but  soluble  in  ether  and  in  hot  alcohol.  It  melts  at  438-8°  F., 
(226°  C),  and  boils,  subliming  unchanged,  at  627-8°  F.  (331°  C). 

OoMPOUNDS  OP  Carbon  with  Bromine,  Etc. 

A  carbonic  tetrabromide  (CBr4)  ;  a  carbonic  tribromide  (02Br6),  pre- 
pared by  the  action  of  bromine  on  C2Br4  ;  and  a  carbonic  dibromide 
(CjBr^)  prepared  by  acting  on  ether  or  alcohol  with  bromine,  all  three 
of  which  are  white  crystalline  bodies,  have  been  described. 

By  the  action  of  bromine  in  sunlight  on  carbonic  dichloride  (C2CI4), 
the  crystalline  body  carbonic  chlorobromide  (C2Cl4Br2)  is  formed. 

No  compound  of  Carbon  and  Iodine  has  been  for  certain  discovered. 
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COMPOUNDS  OF  CARBON  WITH  OXYGEN  AND  THE 

HALOIDS. 

Carbonic  Oxychloride,  COClg. 

Synonyms. — Chlorocarbonic  acid;  Carbonyl  chloride;  Phosgene  gas. 

Preparation. — (1-)  By  exposing  equal  volumes  of  carbonic  oxide 
and  chlorine  to  sunlight.  The  mixture  condenses  to  one-half  its 
original  volume. 

(2.)  By  heating  together   carbonic  tetrachloride  and  zinc  oxide 
(2CCl4  +  3ZnO=3ZnCl2-|-COCl2+C02). 
(3.)  By  the  oxidation  of  chloroform. 

Properties. — A  colorless  pungent  gas.  It  is  decomposed  by  water. 
For  this  reason  it  fumes  in  the  air,  the  chlorine  combining  with  the 
hydrogen  of  the  moisture  (COCl2  +  H20=C02  +  2HCl).  By  a  cold 
of  5°F.  ( — 15°  C),  it  may  be  condensed  into  a  liquid,  having  a  specific 
gravity  of  1-432  at  32°  F.  (0°C.),  and  boiling  at  46-3°  F.  (8-2°  C). 

With  ammonia  it  forms  urea  and  ammonic  chloride  : — 

4NH3      +      COCI2      =  N2H4CO  +  2NH4CI. 
Ammonia     +    Phosgene  gas  =     Urea      +     Ammonic  chloride. 

This  reaction  illustrates  the  property  of  phosgene  gas  in  effecting 
the  displacement  of  hydrogen  by  the  substitution  of  carbonic  oxide. 

The  analogous  Bromine  and  Iodine  compounds  have  not  been  pre- 
pared. 

COMPOUNDS  OF  CARBON  WITH  SULPHUR  AND  WITH 

OXYGEN. 

Carbonic  Bisulphide  (CSg.). 

Molecular  weight,  76.    Molecular  volume,  \    \    |.    Specific  gravity,  1'293. 
Fuses  at  —148°  F.  (—100°  C).  Boils  aU10°  F.  (43-3°  C). 

Synonyms. — Bisulphuret  or  Bisulphide  of  carbon;  Sidjihocarbonic  acid. 

History. — Discovered  accidentally  by  Lampadius  in  1796  whilst 
distilling  iron  pyrites. 

Preparation. — (l-)  By  direct  union  ;  viz.,  by  passing  the  vapor  of 
sulphur  over  heated  charcoal  (C  +  S2=CS2).  (Some  sulphuretted 
hydrogen  may  be  formed  from  the  hydrogen  in  the  charcoal.  The 
product  requires  redistillation  to  free  it  from  dissolved  sulphur). 

(2.)  By  heating  together  charcoal  and  iron,  or  charcoal  and  copper 
pyrites  (Lampadius)  (C  +  2FeS2=CS2  +  2FeS).  (Thus  CSg  is  formed 
when  coal  is  distilled,  the  coal  containing  iron  pyrites). 

Properties. — ("•)  Sensible. — An  ethereal,  colorless  liquid,  having  a 
peculiar  odor,  considerably  lessened  by  shaking  with  mercury. 
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(/5.)  Physiological. — Its  action  is  au£Esthetic,  and  in  excess  acts 
as  a  poison.    It  is  used  for  destroying  insects  in  grain. 

(y.)  PAv/seca/.— Specific  gravity  of  liquid,  1-272  ;  of  vapor,  2-63,  It 
solidifies  at —176-8°  F.  (—116°  C),  and  boils  at  110°  F.  (43-3°  C). 
It  refracts  light  powerfully  (index  of  refraction  1-68).  It  is  volatile  at 
ordinary  temperatures. 

(^.)  Chemical. — ^It  has  no  action  on  litmus.  It  fires  at  302°  F. 
(150°  C),  the  products  of  its  combustion  being  COg  and  SOg  (CS2  + 
30g=COg  +  2S02).  It  explodes  vehemently  when  mixed  with  oxygen. 
It  emits  a  brilliant  blue  light,  of  great  actinic  power  when  burnt  with 
nitric  oxide.  Potassium  burns  in  its  vapor  with  the  liberation  of 
carbon,  and  the  formation  of  a  potassic  sulphide  (CS2  +  2K2=2SK2 
+  C).  When  its  vapor  is  passed  over  many  red-hot  metallic  oxides, 
they  become  changed  into  sulphides.  Passed  over  heated  calcic  hydrate 
(as  in  some  gas-works)  COj  and  HgS  are  formed  (CaH202  +  CS2= 
2CaO  +  C02  +  2H2S).  When  a  mixture  of  the  vapor  and  sulphuretted 
hydrogen  is  passed  over  hot  copper,  it  yields  a  sulphide  of  copper  and 
marsh  gas  (CS2  +  2H2S  +  8Cu=4Cu2S  +  CH4). 

Carbonic  disulphide  is  nearly  insoluble  in  water,  but  very  soluble 
in  alcohol  and  in  ether.  It  is  a  solvent,  moreover,  of  many  bodies, 
such  as  sulphur,  phosphorus,  iodine,  the  alkaloids,  oils,  gums,  resins, 
fats,  etc.  Hence  its  use.  It  is  also  employed  in  making  thermometers 
for  registering  very  low  temperatures. 

It  forms  one  of  the  most  troublesome  impurities  of  coal  gas. 

Carbonic  disulphide  combines  with  alkaline  hydrates  and  with 
alkaline  sulphides  to  form  sulphocarbonaies  (M'-'CSg)  (6KHO  +  3CS2 
=K2CS3  +  K2C03-1-3H20).  These  bodies  are  analogous  to  the  car- 
bonates, but  contain  sulphur  in  the  place  of  oxygen  (CaCOg— CaCSg). 
When  the  sulphocarbonates  are  boiled  with  water  they  become  car- 
bonates. Sulphocarhonic  acid  (H2CS3)  may  be  prepared  by  the  action 
of  hydrochloric  acid  on  the  salts  (NHJg  (CS3  +  2HC1=H2CS3  + 
2NH4CI).    It  is  a  yellow  and  oily  liquid. 

Carbonic  Oxysulphide  (COS). 

Molecular  weight,  60.    Molecular  volume  j    j  |. 

This  body,  which  was  discovered  by  Than,  may  be  regarded  as 
U2S,  where  (CO)"  has  replaced  the  H2. 

Preparation— (I.)  By  heating  a  mixture  of  sulphur  vapor  and 
carljonic  oxide. 

(2.)  By  heating  together  potassic  sulphocyanide  and  dilute  sul- 
H'sO-t"^''  ^  liydrosulphocyanic  acid  is  first  formed  (KCNS  + 
^  2'^O4_HCNS  +  KHS04),  and  afterwards  decomposed  by  the  water 
into  carbonic  oxysulphide  and  ammonia,  the  latter  being  absorbed  by 
the  excess  of  acid  (HCNS  +  H20=NH3  +  COS). 

(3.)  By  heating  a  mixture  of  urea  and  carbonic  disulphidc. 
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Properties-— A.  combustible,  aromatic  gas,  decomposed  by  heat 
into  CO  and  S.  It  is  soluble  in  water,  volume  for  volume,  the  solution 
decomposing  spontaneously  after  a  time  into  carbonic  anhydride  and 
sulphuretted  hydrogen,  the  action  being  immediate  if  an  alkali  be 
present,  a  sulphide  and  carbonate  of  the  alkali  being  formed.  It  has 
no  action  upon  an  acid  solution  of  lead,  copper  or  silver. 

BORON. 

Atomic  weight,  11.  Molecular  weight  {probable),  22.  Triad  (BClg — BF3). 

History. — Prepared  by  Davy  (1807),  by  the  action  of  the  galvanic 
current  on  boracic  acid  (boric  acid).  Gay  Lussao  and  Thenard  (1808) 
prepared  it  by  acting  on  boric  anhydride  with  potassium.  Wohler  and 
Deville  (1857)  first  prepared  the  crystalline  modification  of  boron. 

Natural  History. — It  is  never  found  in  nature  in  a  free  state.  It 
occurs  as  boric  acid  in  the  lagoons  of  Tuscany,  and  in  combination 
with  soda  (borax)  as  tincal,  with  magnesia  as  boracite,  and  with  lime 
as  boracalcite,  etc. 

Varieties. — Three  varieties  have  been  described,  viz.,  the  amor- 
phous, the  graphoidal,  and  the  crystalline.  The  graphoidal  modification, 
however,  is  probably  a  compound  of  AlBg. 

Preparation. — («•)  Amorphous  boron. 

(1.)  By  fusing  together  boric  oxide  and  sodium.  The  residue  is 
then  to  be  acted  upon  by  dilute  hydrochloric  acid,  when  the  boron 
remains  undissolved  (B203  +  3Na2=3Na20+Bg). 

(2.)  By  the  action  of  boric  oxide,  or  the  vapor  of  boric  chloride,  on 
potassium  or  on  potassic  borofluoride  (2BCl3  +  3K2=6KCl  +  B2). 

(/3.)  Crystalline  {diamond  or  adamantine)  boron. 

(1.)  By  fusing  boric  oxide  with  aluminium  (Bg03  + Al2=Al203  +  B2). 
The  aluminium  must  be  dissolved  out  with  caustic  soda. 
(2.)  By  fusing  amorphous  boron  with  silver. 

Properties. — The  amorphous  modification  of  boron  is  an  olive- green 
powder.  It  burns  in  oxygen  (forming  B2O3)  and  fires  spontaneously 
in  chlorine  (forming  BOI3).  It  is  insoluble  in  water.  When  burnt  in 
air,  a  trace  of  boric  nitride  (BN)  is  formed,  it  being  one  of  the  few 
elements  between  which  and  nitrogen  direct  union  is  possible.  It 
decomposes  hot  sulphuric  acid  (3H2SO4  +  B2— B203  +  3H20  +  3S02)j 
and  cold  nitric  acid  (B2  +  6HN03=2H3B03-|-  3N2O4).  It  also  decom- 
poses at  a  red  heat  the  alkaline  carbonates,  sulphates,  and  nitrates,  setting 
free  carbonic  oxide,  sulphurous  anhydride,  and  nitric  peroxide  respec- 
tively. 

Crystalline,  diamond,  or  adamantine  horon,  which,  excepting  the 
diamond,  is  the  hardest  substance  known,  has  a  specific  gravity  of 
2-68,  and  when  pure  is  colorless,  crystalline  (octahedral)  and  a  power- 
ful optical  refractor.  At  ordinary  temperatures  its  specific  heat  is 
0-25,  but  this  is  doubled  at  higher  tempcratiu-es.    It  mostly  contains  a 
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trace  of  aluminium.  It  is  infusible,  even  in  tbe  oxyhydrogen  blow- 
pipe, but  burns  when  heated  to  redness  in  chlorine.  It  is  not  acted 
upon  by  strong  acids.  It  forms  boric  oxide  when  fused  with  potassic 
sulphate  (6KHS04  +  Bo=B„03  +  3K2S04  +  3H20  +  3S02),  and  a  borate 
with  the  evolution  of  hydrogen  when  fused  with  potassic  hydrate 
(6KH0  +  B8=2K3B03  +  SHg). 

Boric  (Boracic)  Anhydride  (B^O^^IO  ;  Sp.  Gr.  1-83). 

Preparation— By  heating  boric  acid  to  redness  (2H3B03=B203  + 
3H2O). 

Properties.— A  clear  glass  (vitreous  boric  acid),  fusible  at  a  red 
heat,  but  not  volatile  below  a  white  heat.  Thus  it  expels  such  stronger 
acids  (as  sulphuric),  which  are  more  volatile,  from  their  salts  by  heat. 
{See  page  6.)  It  becomes  opaque  when  exposed  to  the  air  on  account 
of  its  hygroscopicity.  It  is  used  as  a  blowpipe  reagent,  because  of  its 
facility  for  dissolving  many  of  the  metallic  oxides,  forming  with  them 
colored  glazes. 

Boric  (Orthoborib  or  Boracic)  Acid  (H3B03=62j  Sp.  Gr.  1-479). 

Preparation  and  Natural  History.— This  acid  was  originally 

prepared  by  Homberg  (1702)  and  by  Lemery  (1727)  by  the  action  on 
borax  (Na20,2B203+ lOaq.,  called  Sedative  Salt,  and  when  in  the 
rough  Tincal)  either  of  dilute  sulphuric  or  hydrochloric  acid  (NajO, 
2B203  +  2HCl  +  5H20=4H3B03  +  2NaCl),  as  suggested  by  the  latter 
(Lemery),  or  of  dehydrated  ferrous  sulphate,  as  suggested  by  the 
former  (Homberg). 

The  acid  is  now  obtained  as  follows  : — In  certain  volcanic  districts 
free  and  vaporous  boric  acid  is  discharged  through  fissures  in  the  earth 
accompanied  by  steam  jets  (suffioni  or  fumaroles).  We  know  nothing 
of  its  actual  origin.  For  the  purpose  of  condensing  these  steam  jets, 
brick  basins,  filled  with  water  from  neighbouring  springs  (lagoons)  are 
erected  at  the  site  of  the  discharge.  A  series  of  these  lagoons  is  con- 
structed in  a  descending  line,  so  that  the  water  may  flow  from  one  to 
the  other.  The  acid  solution  (containing  about  2  per  cent,  of  acid) 
which  collects  in  the  basins,  is  then  evaporated  down  in  leaden  pans, 
the  sufiioni  themsel  ves  being  employed  as  the  source  of  heat.  The 
acid  is  afterwards  purified  by  crystallization. 

Properties.  («•)  Physical. — The  acid  has  a  bitter  taste  and  crystal- 
lizes in  scales.  At  248°  F.  (120°  G.)  it  loses  water  and  becomes  HBO2 
{Metaboric  acid),  a  tetraboric  acid  (H2B4O7)  being  formed  at  a  still 
higher  temperature.  Both  these  acids  form  unstable  salts.  At  a 
higher  temperature  BgOg  remains,  which  at  a  red  heat  fuses  to  a  clear 
glass  (vitreous  boric  acid),  and  at  a  white  heat  volatilizes.  On  boiling 
the  aqueous  solution  the  acid  volatilizes  with  the  steam. 

It  is  soluble  in  3  parts  by  weight  of  boiling  water  and  in  26  parts 
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of  cold,  but  its  solubility  is  irregular.  It  is  soluble  in  spirit,  the 
solution  burning  with  a  green  flame. 

(/3.)  Chemical. — A  solution  of  boric  acid  is  faintly  acid  to  litmus, 
but  if  a  piece  of  turmeric  paper  be  dipped  into  the  solution  and  dried 
it  becomes  of  a  brown  red  color.  If  this  be  moistened  with  an 
alkali  it  changes  to  an  intense  blue. 

The  acid  forms  salts  called  borates,  borate  of  soda  (Na2B407)  being 
a  common  laboratory  re-agent. 

Boric  Nitride,  BN  or  B3N3. 

Preparation. — (l.)  By  heating  boron  in  nitrogen,  in  air,  or  in 
ammonia  gas. 

(2.)  By  heating  mixtures  either  of  boric  oxide  and  urea,  or  of 
borax  and  ammonic  chloride. 

Properties. — A  white,  infusible,  and  insoluble  powder,  very  stable. 
It  is  very  slightly  acted  upon  even  by  boiling  acids  and  alkalies.  It 
is  decomposed  when  fused  with  potassic  hydrate  (BN  +  3KH0= 
K3BO3  +  NH3)  or  when  heated  in  a  current  of  steam. 

Boric  Chloride  (BCI3). 

Molecular  weight,  117-5.  Molecular  volume,  |    |    |.  Specific  gravity,  V3o 
at  62-6°  F.  (17°  C).    Boils  at  65°  F.  (18-3°  C). 

Preparation. — (1-)  By  burning  boron  in  chlorine. 

(2.)  By  passing  chlorine  over  a  mixture  of  red  hot  boric  anhydride 
and  charcoal  in  a  porcelain  tube.  The  BCI3  must  be  condensed  in  a 
tube  surrounded  by  a  freezing  mixture  : — 

3CI2     +     3C     +        B2O3       =     2BCI3       +  3G0. 
Chlorine    +    Carbon    +   Boric  anhydride  =  Boric  chloride    +    Carbonic  oxide. 

Properties. — colorless,  fuming,  highly  refractive  liquid.  When 
acted  on  with  water,  hydrochloric  and  boric  acids  are  formed  (BCI3  + 
3H20=3HC1+H3B03). 

Boric  Bromide  (BBr3=25i). 

Sjyecific  gravity,  2-69.    Boils  at  194°  F.  (90°  C). 
Its  preparation  and  reactions  resemble  the  chloride. 

Boric  Fluoride  (BF3=68). 

Specific  gravity,  2*312. 
History. — Discovered  by  Gay  Lussac  and  Thenard  (1808). 
Preparation. — (l.)   By  heating  in  an  iron  retort  a  mixture  of 
fluor  spar  and  boric  anhydride,  and  collecting  the  gas  over  mercury  : — 
2B2O3        +        SCaFg      =    Ca3B206      +  2BF3 
Boric  anhydride    +    Calcic  fluoride    =    Calcic  borate    +    Boric  fluoride. 


SILICON. 
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(2.)  By  heating  a  mixture  of  fluor  spar,  boric  anhydride  and  sulphuric 
acid. 

Properties. — A  colorless,  fuming,  pungent  smelling  gas,  very 
sohible  in  water  (700  vols,  in  1  of  water).    Chars  paper. 

A  fiuoboric  acid  (HBOj-SHF)  and  a  hjdrofluohoric  acid  (HBF4  or 
BF3.HF)  formed  by  the  action  of  water  on  boric  fluoride  are  also 
known  : — 

4BF3       +    SHoO  =         3HBF4         +  H,B03. 
Boric  fluoride    +    Water    =    Hydrofluoboric  acid    +    Boric  acid. 

FTydroflnoboric  acid  forms  salts  called  the  borofluorides,  such  e.g.  as 
potassic  borofluoride  (KBF^). 

These  compounds  of  boron  and  the  haloids  combine  with  gaseous 
ammonia  to  form  certain  molecular  compounds  such  as  (BF3,NH3). 

Boric  Sulphide  (B2S3=118). 

Preparation. — (1-)  By  passing  sulphur  vapor  over  heated  boron. 
(2.)  By  passing  the  vapor  of  bisulphide  of  carbon  over  a  red  hot 
mixture  of  boric  anhydride  and  carbon  : — 

2B0O3   +  SCSa  +      3C     =        2B2S3        +  6C0 

Boric  +  Carbon  bisulphide  +,  Carbon  =  Boric  sulphide  +  Carbonic 
anhydride  oxide. 

Properties. — -A.  yellow,  fusible,  pungent  solid.  Water  decomposes 
it  (B2S3  +  6H20=3H2S  +  2H3B03). 


SILICON  or  SILICIUM  (Si=28-2). 

History- — Silicon  {silex,  flint)  was  discovered  by  Davy  (1807), 
when  acting  on  silicic  acid  with  potassium.  Berzelius  (1824)  obtained 
it  by  the  action  of  potassium  on  fluosilicic  acid. 

Natural  History. — Silicon  has  never  been  found  in  nature  in  a 
free  state.  It  occurs  (a),  in  the  mineral  kingdom,  as  silica  (SiOg), 
both  in  a  crystallized  form  as  qiiartz,  and  in  a  non- crystallized  form  as 
flint,  chalcedony,  opal,  etc.  It  also  exists  abundantly  in  combination 
with  metallic  oxides.  Clays  are  aluminic  silicates.  (/3)  In  the 
vegetable  kingdom  it  is  found  in  the  stems  of  cereals  ;  and  (y)  in  the 
animal  kingdom  it  occurs  in  teeth,  feathers,  bone,  etc. 

Varieties- — Silicon  exists  in  three  modifications,  viz.,  (a)  an  amor- 
phous ;  (/3)  a  graphoidal  ;  and  (7)  a  crystalline  form. 

Preparation.  —  (a.)  Amoi-phous  Silicon. 

(1.)  By  heating  potassium  or  sodium  with  potassic  silico-fluoride 
(fluoride  of  silicon  and  potassium)  :  — 

SiKoFg  +      2K2     =         6KF        +  Si. 

Potassic  ailico-fluorile    +    Potassium    =    Potassic  fluoride    +  Silicon. 
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(2.)  By  heating  sodium  in  the  vapor  of  silicic  chloride  (SiCl4  + 
2Na2=Si  +  4NaCl). 

(/3.)  Graphoidal  Silicon.  —  By  fusing  together  aluminium  and 
amorphous  silicon,  and  afterwards  dissolving  out  the  aluminium  from 
the  mixture  by  boiling  hydrochloric  acid. 

(y.)  Adamantine  Silicon. 

(1.)  By  the  fusion  of  amorphous  silicon. 

(2.)  By  heating  aluminium  in  a  current  of  silicic  chloride  vapor 
(3SiCl4  +  2  A1„=2A]2C]6  +  3Si). 

(3.)  At  high  temperatures,  silicon  dissolves  in  certain  metals,  such  as 
zinc,  and  crystallizes  out  on  cooling.  Thus  if  a  mixture  of  potassic 
silico-fluoride  and  sodium  be  mixed  with  melted  zinc,  and  the  mass 
covered  over  with  fused  sodic  chloride  and  well  heated,  crystallized 
silicon  may  be  obtained  when  the  cooled  mass  is  acted  upon  with 
acids,  which  dissolve  out  all  but  the  silicon. 

Properties-  —  (a-)  Amorphous  silicon.  A  dark  brown  powder^ 
Specific  gravity  2*0.  Infusible  and  non-volatile.  It  neither  conducts 
heat  nor  electricity.  It  burns  when  heated  in  air  or  oxygen,  forming 
SiOg.  or  in  chlorine,  forming  SiCl^.  It  is  not  acted  on  by  any  solvent 
except  hydroduoric  acid  (fluorine  having  a  great  affinity  for  silicon\ 
when  hydrofluosilicic  acid  is  formed  (Si  +  6HF=SiH2Ffi  +  2H2). 
When  fused  with  potassic  hydrate,  or  boiled  with  a  caustic  alkali, 
hydrogen  is  evolved,  and  a  potassic  silicate  formed  (Si  +  4KH0= 
1^48104  +  2112).  By  fusion  with  aluminium  the  graphoidal  modifica- 
tion is  produced. 

(ft.)  Graphoidal  silicon.  This  is  found  in  the  form  of  very  hard 
crystalline  metallic-looking  scales,  having  a  specific  gravity  of  2'49. 
It  conducts  electricity.  It  does  not  burn  in  oxygen,  but  fuses  at  a 
very  high  temperature.  It  is  not  dissolved  by  acids  generally,  nor 
even  by  hydrofluoric  acid,  but  is  soluble  in  a  mixture  of  hydrofluoric 
and  nitric  acids,  hydrofluosilicic  acid  (HaSiFg)  being  formed.  It  is 
slowly  acted  upon  when  fused  with  potassic  hydrate. 
.  (y.)  Adamantine  silicon. — Adamantine  silicon  is  even  less  prone 
to  oxidation  than  the  graphoidal  modification.  It  resembles  crystal- 
lized hjematite  both  in  color  and  general  appearance. 

COMPOUNDS  OF  SILICON  AND  OXYGEN. 
SUica  (SiO2=60). 

Synonyms. — Silicon  dioxide;  Silicic  anhydride. 

Natural  History. — Silica  occurs,  in  the  mineral  kingdom,  both  in 
a  crystalline  and  in  an  amorphous  form.  Quartz  (i.e.,  rock  crystal, 
consisting  of  six-sided  crystals  terminated  by  six-sided  pyramids)j 
Amethyst  (the  purple  color  of  which  is  due  to  iron).  Cairngorm  (a 
yellow  or  brown  stone),  are  illustrations  of  the  crystalline  variety  ; 
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and  Affate,  Chalcedony  (which  in  layers  of  different  colors  constitutes 
Onyx),  Jasper,  Cornelian  (the  color  of  which  is  due  to  ferric  oxide), 
Flint  and  Opal  (where  the  silica  is  combined  with  varying  quantities 
of  water),  are  illustrations  of  the  amorphous  variety. 

Sand  is  very  nearly  pure  silica.  The  varying  colors  of  silica  depend 
on  the  presence  of  various  foreign  matters.  It  forms  the  chief  support 
of  the  soil.  Plants  absorb  it  freely,  as  shown  by  its  presence  in  the 
stems  of  rushes  and  cereals.  This,  and  its  presence  in  solution  in 
certain  natural  waters,  as  in  the  Geysers,  prove  the  possibility  of  its 
existing  in  a  soluble  form. 

All  the  artificial  forms  of  silica  are  of  the  amorphous  modification. 

Properties.— Pure  silica,  when  en  masse,  is  a  hard,  colorless,  trans- 
parent body,  but  when  finely  powdered  has  an  opaque  white  appear- 
ance. The  crystalline  form  has  a  specific  gravity  of  2-7,  and  the 
amorphous  of  2-2.  Both  forms  are  non-volatile,  but  by  oxy-hydrogen 
heat  they  fuse  to  a  clear  glass,  the  crystalline  thereby  becoming  the 
amorphous  modification.  They  are  insoluble  in  pure  water,  and  in 
all  acids  except  hydrofluoric  (Si02  +  6HF  =  H2SiF6  (hydrofluosilicic 
acid)-|-2H20).  The  amorphous  form  is  soluble  in  solutions  of  the 
caustic  alkalies,  and  slightly  soluble  in  solutions  of  the  alkaline  car- 
bonates. By  heating  finely  powdered  quartz  (but  not  if  it  be  in  lump), 
it  is  converted  into  the  amorphous  variety,  and  becomes  soluble  in 
alkalies. 

The  ordinary  vegetable  acids  (as  e.g.  tartaric  acid),  or  a  weak  acid 
(such  as  carbonic  acid),  precipitate  silica  from  its  solutions;  never- 
theless, at  a  high  temperature,  silica,  being  non-volatile,  decomposes  car- 
bonates and  even  sulphates. 

Silica  in  all  its  forms  when  fused  with  a  caustic  alkali  or  alkaline 
carbonate  forms  a  soluble  silicate  (Si02  +  2Na2C03=Na4Si04-F2C02). 

Silica  is  soluble  in  fused  borax,  but  not  in  microcosmic  salt. 

Silicic  Acid. 

H^SiOi,  or  2H20,Si02  {tetrabasic  acid). 
HaSiOj,  or  H20,Si02  {dibasic  acid). 

^  At  the  moment  that  silica  is  liberated  from  its  soluble  compounds. 
It  is  soluble  in  water,  silicic  acid  being  thereby  formed.  This  is  found 
m  the  two  modifications  mentioned  above. 

Preparation.— (1.)  If  silica  be  fused  with  sodic  carbonate,  car- 
bonic acid  escapes  and  a  sodic  silicate  is  formed.  This  salt  is  alkaline, 
and  soluble  in  water.  If  a  few  drops  of  hydrochloric  acid  {i.e.,  not 
sufficient  to  render  it  acid)  be  added  to  the  solution,  it  forms  a  gelatinous 
mass,  from  the  separation  of  hydrated  silicic  acid.  If  an  excess  of 
acid,  however,  be  added  {i.e.,  sufficient  to  render  it  acid),  silicic  acid, 
together  with  sodic  chloride,  are  produced,  and  both  remain  in 
solution: — 
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Na^SiO^     +         4HC1         =     H^SiO^    +  4NaCl. 
Sodic  silicate    +    Hydrochloric  acid    =    Silicic  acid    +    Sodic  chloride. 

If  this  solution  be  dialysed,  the  sodic  chloride,  with  any  excess  of 
liydrochloric  acid,  will  pass  through  the  dialyser,  whilst  a  pure  solu- 
tion of  silicic  acid  will  remain  on  the  dialyser. 

Substances  that  diffuse  rapidly  (like  sodic  chloride)  are  termed 
crystalloids,  and  those  having  a  low  rate  of  diffusion  (such  as  silicic 
acid)  are  termed  colloids. 

(2.)  It  may  also  be  prepared  by  the  action  of  carbonic  anhydride 
on  a  solution  of  sodic  or  other  soluble  silicate.  This  action  is  similar 
to  that  which  occurs  in  the  natural  disintegration  of  granite:  — 

Na4Si04    +  4H2O  +         4CO2  =  H.SiO^  +4NaHC03 

Sodic  silicate    +    Water    +    Carbonic  anhydride  =  SUicic  acid    +  Sodic 

carbonate. 

(3.)  By  the  action  of  water  on  silicic  fluoride: — 

3SiF4       +  4H2O  -     H^SiO^    +  2H2SiF6. 
Silicic  fluoride    +    "Water    =    SUicic  acid    +    Hydrofluosilicic  acid. 

Properties. —The  solution  of  silicic  acid  may,  by  cautious  evapor- 
ation, be  concentrated  until  it  contains  22  per  cent,  of  the  acid 
(1148104).  In  this  state  it  is  a  colorless  tasteless  liquid,  faintly 
acid  to  litmus.  By  keeping,  the  acid  separates  from  the  water  as 
a  gelatinous  mass,  which  shrinks  on  drying,  and  when  dry  has  the 
formula  3(SiOn),2H20.  If  this  be  heated  to  212°  F.  (100°  C.),  it  loses 
water  and  becomes  3(Si02),H20. 

If  the  solution  be  evaporated  in  vacuo  over  sulphuric  acid,  a  lustrous 
glass  is  formed,  containing  78  per  cent,  of  silicic  acid  (IlgOjSiOg). 
This  is  insoluble  in  water,  and  but  very  slightly  soluble  in  hydro- 
chloric acid.  By  further  heat  the  anhydrous  acid  may  be  obtained, 
which  is  insoluble  both  in  hydrochloric  acid  and  in  water,  but  is 
soluble  in  boiling  solutions  of  the  caustic  alkalies. 

COMPOUNDS  OF  SILICON  AND  THE  HALOIDS,  ETC. 

Silicic  tetrachloride — Tetrabromide — Tetra- 

iodide— Tetrafluoride   SiCl4.-SiBr4.-Sit4.-SiF]4. 

Silicic  trichloride  ...       ...       ...       •••  SiCl,. 

Silicic  hydrotrichloride  (Silicon  chloroform)  SiHCl.s-  |  .g^^  under 

„    hydrotribromide  (    „     bromoform):^SiHBr3.  J  j^^rogen.) 

„    hydrotriiodide      (    „     iodoform)     SiHI,.  ) 

SiUcic  Tetrachloride  (SiCU)  =  170-2. 

Synonym. — Silicic  Chloride. 

Preparation.— (1.)  By  burning  silicon  in  chlorine. 
(2.)  By  heating  carbon  and  siUcic  anhydride   in    a   stream  of 
chlorine : — 
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SiO,       +    2C    +    2Ck  =         SiCl^         +  2C0. 
SiUcic  anhydride  +  Carbon  +  Chlorine  =  Silicon  tetrachloride  +  Carbonic  oxide. 

Properties. — A  transparent,  pungent-smelling,  colorless,  very 
volatile  liquid.  It  fumes  in  the  air  from  the  deposition  of  silica  by  the 
action  of  moisture.  The  specific  gravity  of  the  liquid  at  32°  F.  (0°  C), 
is  1-5237,  and  of  the  vapor  5-939.  It  boils  at  138-2°  F.  (59°  C.)'. 
Water  decomposes  it  into  hydrochloric  and  silicic  acids  (810)4  + fflgO  = 
1148104 +  4HC1).  By  passing  the  vapor  of  silicic  tetrachloride  and 
sulphuretted  hydrogen  through  a  red-hot  tube,  a  liquid  having  the 
formula  (81013)2  HsSg  is  formed  (silicic  trichlor-sulphydrate),  which  on 
the  addition  of  water  is  split  up  into  silicic  acid,  hydrochloric  acid  and 
sulphuretted  hydrogen. 

Silicic  Trichloride  (SiOIg),  formed  by  acting  on  silicon  heated  to 
1000°  0.  with  carbon  tetrachloride,  has  been  prepared.  It  is  a 
colorless  liquid  (sp.  gr.  1-58).  It  fuses  at  30-2°  F.  (—1°  0.)  and  boils 
at  296-6°  F.  (147°  O.j.  Its  vapor  is  spontaneously  inflammable. 
Water  decomposes  it  into  silicon  oxalic  acid  and  hydrochloric  acid 
(281013+ 4H20=H28i204  (8ilicon  oxalic  acid)  +  6H01.) 

8everal  Silicic  OXychlorideS  have  been  prepared. 

Compounds  op  Silicon  with  Bromine,  Iodine,  Etc. 

Silicic  Tetrabromide  (8iBr4)  is  prepared  similarly,  and  has 
similar  reactions  to  the  chlorine  compound.  It  is  a  colorless,  heavy 
liquid,  solidifying  at  8-6° F.  (— 13°0.),  boiling  at  307-4° F.  (153° C). 
The  liquid  has  a  sp.  gr.  of  2-813  at  32°  F.  (0°  0.). 

Silicic  Tribromide  (SioBrg)  is  also  a  crystalline  substance. 

Silicic  Tetriodide  (8114)  is  a  crystalline  body,  prepared  by  passing 
iodine  vapor  and  carbonic  anhydride  over  heated  silicon.  The  OOg 
carries  away  the  8il4  as  soon  as  formed,  thus  preventing  decomposi- 
tion.   It  is  decomposed  both  by  water  and  by  alcohol. 

Silicic  Triiodide  (SiJa)  is  also  a  crystalline  solid,  prepared  by  the 
action  of  metallic  silver  on  Sil4  (28il4  + Ag^  =  8iol6  +  2AgI). 

OoMPOUNDs  OF  Silicon  with  Fluorine,  Etc. 
Silicic  Fluoride  (8iF4). 

Synonym. — Stlidc  Tetrajluoride. 

Preparation.— By  heating  together  silica,  calcic  fluoride  and  sul- 
phuric acid  : — 

SiO^   +  20aF2  +   2H28O4  =    8iF4    +  20aS04,H20. 
Sihca    +    Calcic    +    Sulphuric    =    Silicic    +    Dihydric  calcic 
fluoride  acid  fluoride  sulphate. 

Properties— A  heavy,  colorless,  fuming  gas.  Specific  gravity,  3-6. 
It  neither  burns  nor  supports  combustion.    It  may  be  liquefied  by 
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30  atmospheres  pressure,  or  by  a  cold  of  —  160°F.  ( — 107°  C),  and 
solidified  by  a  cold  of  — 220°F.  (—140°  C).  By  the  action  of  water 
upon  it,  silicic  and  hydrofluosilicic  acids  are  formed,  the  silicic  acid 
separating  as  a  gelatinous  mass,  and  the  hydrofluosilicic  acid  remaining 
in  solution. 

3SiF4       +   4H2O  =    H4Si04    +  2SiH2F6. 
SiUcic  fluoride    +    Water    =    Silicic  acid    +    Hydrofluosilicic  acid. 

Many  metallic  oxides  (as  lime)  absorb  SiF^  freely. 

Silicic  Nitride  (Formula?)  is  said  to  be  formed  by  the  direct 
combination  of  silica  and  nitrogen,  at  a  high  temperature.  It  is  a 
white  infusible  body,  soluble  only  in  hydrofluoric  acid,  forming  ammonic 
silicofluoride.  When  heated  in  carbonic  anhydride,  it  forms  ammonic 
carbonate.  When  heated  in  steam,  ammonia  is  set  free.  It  is  not 
acted  upon  by  chlorine,  nor  does  heat  alone  affect  it. 

Silicic  Sulphide  (SiSj)  (bisulphide  of  silicon),  is  prepared  either  by 
direct  union,  or  by  passing  CS^  vapor  over  a  mixture  of  charcoal  and 
silica  (Si02+CS2  +  C=SiS2+2CO).  It  is  a  white,  amorphous,  hygro- 
scopic solid,  soluble  in  water,  by  which  it  is  decomposed  into  sihca 
and  sulphuretted  hydrogen  (SiS2+2H20=Si02  +  2H2S). 

Silico-Formic  Acid,  or  Leukon  (XevKk  white)  (SiH.O„)  (silicon 

formanhydride)  is  formed  by  the  action  of  water  on  silicon  chloroform 
(SiHCla).  It  is  a  white  substance,  decomposed  by  the  caustic  alka- 
lies with  the  evolution  of  hydrogen.  It  has  a  powerful  reducing 
action. 

No  compound  of  Carbon  and  Silicon  is  known. 
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CHAPTER  X. 
HYDROGEN. 

Hydrogen:— Compounds  of  Hydrogen  and  Oxygen— Water— Compounds  of  Hydro- 
gen  with  the  Haloids,  with  Nitrogen,  with  Phosphorus,  with  Sulphur  and  with 
Selenium— Compounds  with  Carbon,  viz.,  Methane,  Ethylene,  and  Acetylene- 
Flame— Compound  of  Hydrogen  and  Silicon. 

HYDROGEN  (H  =  i). 

Atomic  loeight,  1.  Monad,  as  in  HCl.  Molecular  weight,  2.  Molecular 
volume,  I  I  |.  Relative  weight,  1.  Specific  gravity,  0*0693 
100  cubic  inches  loeigh  2"  1430  grains  at  60°  F.  and  30  B.P.  and 
1  litre  =  1  crith,  i.e.,  weighs  0-089578  grm.  1  grm.  at  0°  C.  and 
at  760  mm.  pressure  measures  11-19  litres,  and  1  grain  at  60°  F.  and 
30  B.P.  measures  46-729  cubic  inches. 

SjnoJlYms.— Inflammable  Air  or  Gas  (Cavendish,  1781  ;  Phlogiston 
(older  chemists)  ;  Hydrogen  (u^wp  water,  and  yevpao)  I  produce)  (Asso- 
ciated French  Chemists). 

History. — The  alchymists  described  "  an  inflammable  air,"  which 
was,  no  doubt,  hydrogen.  It  was  studied  by  Paracelsus  in  the 
sixteenth,  and  by  Hales  in  the  seventeenth  century,  when  engaged 
in  examining  the  gas  produced  by  the  distillation  of  coal.  Cavendish 
(1766)  examined  it  more  carefully,  and  was  the  first  to  set  it  free  by 
the  action  of  acids  on  metals.  Its  properties  were  afterwards  investi- 
gated by  Watt,  Priestley,  Volta,  and  others. 

Natural  History.— (a.)  In  the  mineral  kingdom  it  is  found  free  iu 
volcanic  gases  (to  the  extent,  at  times,  of  25  per  cent.),  also  in  the 
gases  given  ofi  from  the  oil-wells  of  Pennsylvania,  in  firedamp,  and 
occluded  in  meteorites  (Graham  and  Mallet ;  Dewar).  (See  page  231.) 
It  is  also  assumed  from  spectroscopic  observation  to  be  present  in  the 
atmosphere  of  the  sun,  certain  stars,  etc.,  the  temperature  being  too 
great  to  allow  of  union  existing  between  hydrogen  and  other  elements. 
In  a  combined  state,  it  forms  one-ninth  part  by  weight  of  water,  three- 
.seventeenths  of  ammonia,  one-seventeenth  of  sulphuretted  hydrogen, 
etc.  Along  with  chlorine  it  is  found  in  certain  mineral  springs. 
(/3.)  In  the  vegetable  kingdom  it  is  found  as  a  constituent  of  all  tissues, 
as  well  as  in  the  water  with  which  in  all  cases  the  tissue  is  associated  ; 
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whilst  (7),  In  the  animal  kingdom  it  is  always  found  in  the  tissues,  and 
occasionally  in  a  free  state  in  the  breath  and  in  intestinal  gases  from 
the  spontaneous  decomposition  of  animal  and  vegetable  matters. 

Preparation. — (1-)  By  the  electrolysis  of  acidulated  water,  the 
hydrogen  being  set  free  at  the  negative  pole. 

(2.)  By  the  action  of  an  intense  heat  on  water. 

(3. J  By  the  action  of  sodium  or  potassium,  or  an  amalgam  of  sodium 
or  potassium  on  water  at  common  temperatures  : — 

2H„0    +      Nag     =      2NaH0       +  Hj. 
Water     +     Sodium     =      Sodic  hydrate     +  Hydrogen. 

[Note. — With  potassium  the  heat  evolved  by  the  union  of  the 
oxygen  and  potassium  is  sufficient  to  fire  the  hydrogen,  but  this  does 
not  occur  in  the  case  of  sodium  unless  the  water  be  hot.] 

(4.)  By  passing  steam  over  certain  red  hot  metals,  such  as  iron,  or 
by  subjecting  steam  to  an  intense  heat,  such  as  that  of  the  electric 
arc  : — 

3Fe    +    4H2O    =  Fe304  + 

Iron     +     "Water     =     Black  or  magnetic  oxide  of  iron     +  Hydrogen. 

[Note. — Metallic  platinum  cannot  be  made  to  decompose  water 
except  at  a  very  high  temperature,  but  if  the  platinum  be  intimately 
associated  with  magnesium  or  with  zinc,  decomposition  of  the  water 
may  be  effected  at  ordinary  temperatures.  Copper  decomposes  water 
at  a  very  high  temperature,  but  if  the  copper  be  associated  with  zinc 
it  then  decomposes  it  at  ordinary  temperatures.  (Proceedings  of  R.  S., 
1872,  pp.  133,  218.)] 

(5.)  By  the  action  of  heated  sodium  on  gaseous  hydrochloric  acid  : — 

2Na    +         2HC1        =      2NaCl       +  H„. 
Sodium    +    Hydrochloric  acid    =    Sodic  chloride    +  Hydrogen. 

(6.)  By  the  action  of  heat  on  formates  (or  oxalates,  etc.),  in  the 
presence  of  an  excess  of  an  alkali  : — 

KCHO2      +        KHO        =        K2CO3       +  Ho 
Potassic  formate    +    Potassic  hydrate    =    Potassic  carbonate  Hydrogen. 

(7.)  By  passing  steam  over  red  hot  coke  or  charcoal  (Deville  and 
Debray)  : — 

2H2O  +      C      =       2H2      +  CO2. 

Water    +    Carhon    =  Hydrogen    +    Carhonic  anhydride. 

[Note. — The  COg  may  be  removed  by  lime.  If  the  heat  be  very 
great,  CO  (and  not  COo)  is  formed,  which  is  not  capable  of  removal 
by  lime]. 

(8.)  By  the  action  of  hydrochloric  or  dilute  sulphuric  acid  on  zinc, 
magnesium,  iron,  and  certain  other  metals  : — 

(a.)  Zn    +         2HC1         =        ZnCL       +  Hg. 
Zinc    +    Hydrochloric  acid    =    Zincic  chloride     +  Hydrogen. 

(/3.)     Fe    +      H2SO4      =      FeSO^      +  H^. 

Iron    +    Sulphuric  acid    =    Iron  sulphate    +  Hydrogen. 
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[I^OTE. — (a.)  On  closing  the  vessel  in  which  hydrogen  is  generated  hy  the 
action  of  dilute  sulphuric  acid  on  zinc,  the  pressure  of  the  gas  stops  further  decom- 
position. It  has  heen  suggested  that,  in  this  case,  pressure  stops  aflBlnity  hy  preventing 
the  escape  of  huhhles  of  hydrogen,  the  eflfect  of  which  ordinarily  is  to  displace  the 
zincic  sulphate  solution  immediately  surrounding  the  zinc.  This  being  stopped,  fresh 
acid  is  prevented  from  coming  into  contact  with  the  metal.  ((3.)  The  hydrogen  pre- 
pared by  the  action  of  acids  on  metals  is  not  pure,  but  may  contain  certain  compounds 
of  hydrogen  and  carbon,  the  carbon  being  derived  from  carbon  in  the  iron  if  it  be  used 
for  the  purpose  (which  may  be  removed  by  passing  the  gas  through  wood  charcoal), 
or  sulphuretted  hydrogen  (removed  by  passing  the  gas  over  glass  beads  moistened 
with  a  solution  of  lead  nitrate  or  caustic  potash),  arseniurettcd  and  phosphorettcd  hydro- 
gen (absorbed  by  an  aqueous  solution  of  silver  sulphate),  traces  of  oxygen  (removed  by 
passing  the  gas  through  a  red-hot  iron  tube),  moisture  (absorbed  by  phosphorus  pent- 
oxide),  etc.] 

(9.)  By  the  action  on  zinc  or  aluminium  of  a  solution  of  potassic 
hydrate  : — 

2KH0        -1-    Zn    =         ZnKgOe  +  Hg. 

Potassic  hydrate    +    Zinc    =    Potassic  zincic  oxide    -f-  Hydrogen. 

(10.)  By  immersing  zinc  placed  in  contact  with  iron  in  a  solution  of 
an  ammoniacal  salt  (excepting  a  solution  of  ammonic  nitrate),  heated 
to  104°  F.  (40°  C),  the  action  being  assisted  by  the  presence  of  free 
ammonia  (Lorin). 

(11.)  By  submitting  certain  organic  substances  to  destructive  distil- 
lation. Thus  it  is  found  in  coal-gas  along  with  hydrocarbon  vapors  and 
other  organic  compounds. 

Properties. — («•)  Sensible. — When  pure,  hydrogen  is  a  colorless 
gas,  without  taste  or  odor. 

(/3.)  Physiological. — Hydrogen  is  not  a  poison.    Thus  it  may  be 
.  breathed  for  a  few  seconds  (when  pure)  with  impunity,  the  voice 
being  rendered  peculiarly  shrill  under  its  influence.    If  breathed  con- 
tinuously, death  results  from  want  of  oxygen,  but  not  from  direct  toxic 
effects  of  hydrogen. 

(y.)  Physical. — Hydrogen  is  the  lightest  body  known,  being  14:-43o 
times  lighter  than  air  (sp.  gr.  0*0693).  At  Paris  latitude,  at  0°  C.  and 
at  a  pressure  of  760  ram.  of  mercury,  one  litre  weighs  0*089578  grm. 
(1  litre  of  air  weighing  1*293  grm.,  and  1  litre  of  oxygen  1*429  grm.), 
or  1  grm.  occupies  11*1636  litres.  (Regnault.)  Thus  hydrogen  is 
employed  for  balloons.  Sound  travels  with  three  times  greater  rapidity 
in  it  than  in  air.  It  refracts  light  more  powerfully  than  any  other  gas 
(1*000138),  its  power  in  this  respect  being  six  times  as  great  as  air 
at  the  same  temperature  and  density.  Up  to  a  certain  pressure 
hydrogen  obeys  the  law  of  Boyle  (p.  39),  but  at  very  high  pressures 
'  certain  exceptional  results  are  recorded.  Thus  at  1015  atmospheres 
it  is  only  reduced  -jj^^jjth  of  its  volume. 

Hydrogen  has  been  liquefied  by  Pictet,  and  also  by  Cailletet  (1877),  by 
the  combined  action  of  extreme  cold  — 220°  F.  (—140°  C)  and  pressure 
(650  atmospheres).  By  Cailletet's  arrangement,  after  a  pressure  of  300 


230 


HANDBOOK  OF  MODERN  CHEMISTRY. 


atmospheres  lias  been  effected,  the  tube  upon  a  reduction  of  pres- 
sure becomes  filled  with  a  kind  of  fog,  showing  the  gas  to  have 
been  condensed  to  minute  particles  of  liquid.  By  Pictet's  arrange- 
ment a  cold  of  —210°  F.  (—140°  C.)  is  obtained  by  the  vaporization 
of  liquid  sulphurous  and  carbonic  acids.  The  hydrogen  thus  liquefied 
is  said  to  solidify  by  the  rapidity  of  its  own  evaporation  so  soon  as 
the  liquid  hydrogen  is  allowed  to  escape. 

Hydrogen  exhibits  in  a  remarkable  degree  the  power  of  diffusion,  i.e. 
a  power  due  to  the  constant  motion  and  mutual  repulsion  of  gas 
particles.  If  a  bottle  of  hydrogen  be  connected  vertically  by  a  glass 
tube  with  a  bottle  of  oxygen,  the  oxygen  (the  heavier  gas)  being 
below,  the  hydrogen,  against  the  action  of  gravity,  will  descend,  and 
the  oxygen  ascend,  a  complete  intermixture  of  the  gases  resulting. 
Similarly,  if  a  vessel  be  divided  into  two  parts  by  a  porous  diaphragm 
or  a  thin  plate  of  artificial  graphite,  one-half  being  filled  with  one 
gas  and  the  other  half  with  another  gas,  diffusion  will  take  place  until 
the  admixture  of  the  gases  is  complete.  But  the  rate  of  diffusion  is 
not  ahke.  Graham's  law  is  expressed  thus  :— "  Tlie  diffusihility  of  two 
gases  varies  inversely  as  the  square  roots  of  their  densities."  Thus,  the 
density  of  H  =  1  and  of  0  =  16,  therefore  the  diffusihility  of  these 
two  gases  is  as  4  to  1  ;  in  other  words,  the  diffusion  of  four  cubic 
inches  of  hydrogen  will  occupy  the  same  time  as  the  diffusion  of  one 
cubic  inch  of  oxygen. 

The  *'  diffusiometer  "  of  Graham  is  a  glass  tube,  closed  at  one  end  by 
some  porous  material,  such  as  well-dried  plaster  of  Paris.  If  this  be 
filled  with  hydrogen,  and  the  open  end  placed  in  water,  the  water 
rises  rapidly  in  tbe  tube,  because  the  hydrogen  passes  through  the 
porous  diaphragm  (i.e.,  diffuses)  at  a  greater  rate  than  the  air  enters  ; 
I.e.,  H  =  1,  and  air  =  14-47,  therefore  their  relative  diffusihility  = 
y  14-47  to  yT,  or  as  3-8  to  1  ;  or,  for  every  1  cubic  inch  of  air 
entering  the  tube,  3-8  cubic  inches  of  hydrogen  escape.  It  will  be 
seen,  therefore,  that  by  this  means  a  mixture  of  two  gases  of  un- 
equal diffusibility  may  be  partially  separated  {atmolysis). 

It  will  be  evident  that  diffusion  becomes  an  important  agent  by  which 
to  determine  whether  a  gas  is  homogeneous  or  a  mixture  of  gases. 
Supposing  a  gas  of  known  composition  (a  compound  of  G  and  H)  be 
placed  in  a  diffusiometer,  and  the  residue  in  the  diffusiometer  be  foimd 
to  contain  C  and  H  in  the  same  proportion  as  the  original  gas,  chemical 
homogeneity  may  be  assumed,  and  vice  versa.  Still  it  must  be  noted 
that  if  a  mixture  of  two  gases  be  present  in  the  ratio  of  their  co- 
efficients of  diffusion,  the  composition  of  the  residue  after  diffusion 
would  be  the  same  as  before  diffusion.  An  error  from  this  cause 
might  result,  a  compound  gas  being  assumed  to  be  homogeneous. 

By  the  term  osmosis,  we  imply  not  simply  diffusion  through  small 
apertures,  but  the  passage  through  membranous  diaphragms.  Here, 
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adhesion  between  the  membrane  and  the  gas  plays  its  part  in  the 
process,  as  well  as  diffusion. 

Occlusion. — We  have  remarked  that  hydrogen  is  found  occhtded, 
that  is,  absorbed,  in  meteoric  iron.  (Dewar.)  (Proc.  R.  S.,  XV.  502.)  If 
hydrogen  be  passed  over  a  red-hot  plate  of  iron,  the  iron  will  absorb  0'46 
times  its  volume.    The  meteoric  iron  of  Lenarto  yields  2*85  its  volume 
of  a  gas  containing  85*68  per  cent,  of  hydrogen.    Probably,  therefore, 
this  iron  has  been  exposed  to  hydrogen  at  greater  pressure  than  the 
earth  pressure.    Platinum  at  100°  C.  absorbs  0-76  volume,  and  at  a 
red  heat  3-8  times  its  volume  of  hydrogen.    Palladium  absorbs  376 
volumes  at  common  temperatures,  643  volumes  at  194°  F.  (90°  C), 
and  526  volumes  at  473°  F.   (245°  C).    Electrolytically  deposited 
palladium  heated  in  hydrogen  to  212°  F.  (100°  C.)  will  absorb  982 
volumes.    The  metal  after  the  occlusion  of  the  hydrogen,  although  not 
altered  in  appearance,  has  a  diminished  tenacity,  its  specific  gravity  and 
conducting  power  for  heat  and  electricity  being  also  reduced.  The 
occluded  hydrogen  is  in  every  case  completely  evolved  on  the  appli- 
cation of  heat,  the  absorbed  gas  possessing  more  than  ordinary  chemical 
activity.    For  if  the  palladium  containing  the  occluded  hydrogen  be 
placed  in  a  jar  of  chlorine,  or  in  an  iodine  solution,  hydrochloric  and 
hydriodic  acids  will  be  formed,  whilst,  by  similar  means,  ferric  oxide 
may  be  changed  to  ferrous  oxide.    Graham  held  that  in  this  and  like 
cases  (though  of  this  there  is  considerable  doubt),  an  alloy  of  palla- 
dium (probably  PdgH)  or  of  other  metal  and  hydrogen  was  formed. 
To  the  hydrogen,  in  this  state  of  supposed  combination,  he  gave  the 
name  "  hydrogenium,"  in  order  to  denote  a  kind  of  solid,  quasi-metallic 
nature).     Dewar  and  others  have  estimated,  but  variously  stated,  its 
specific  gravity  in  this  condition,  as  0*863,  0-733,  and  0*620,  this  last 
number  being  equal  to  the  condensation  of  seven  litres  of  gas  into 
one  cub.  c.    (Dewar.)    Hydrogenium  is  stated  to  be  magnetic,  and 
to  have  an  electric  conductivity  of  5-99  (Pd  being  8*1  and  Cu  100). 

The  analogy  between  hydrogen  and  the  metals  is  well  marked,  nor 
is  the  fact  of  its  gaseous  condition  any  argument  against  its  metallic 
nature.  The  hydrogen  spectrum  consists  of  four  bright  lines,  one 
each  in  the  blue  and  indigo,  and  one  corresponding  to  the  C  and  F  lines 
respectively. 

Hydrogen  dissolves  in  water,  or  more  accurately  in  the  proportion  of 
0*0193  volume,  at  0°  C.  and  760  mm.  [^coefficient  of  absorption']  in  one 
volume  of  water  at  similar  temperature  and  pressure  to  the  extent 
of  j'^th  of  its  volume.  Unlike  most  gases,  however,  it  is  equally 
soluble  at  all  temperatures  from  0°  to  20°  C.  Alcohol  dissolves  a 
greater  volume  of  the  gas  than  water,  but  its  solubility  in  alcohol  de- 
creases with  increase  of  temperature. 

(o.)  Chemical. — Hydrogen  has  no  action  on  litmus  or  turmeric.  It 
will  not  support  combustion,  but  it  burns,  when  pure,  with  a  perfectly 
non-luminous  and  enormously  hot  flame,  any  light  emitted  being  due  to 
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some  impurity,  such  as  a  tr.ace  of  sulphur  either  in  the  air  or  in  the 
gas.  Water  is  the  only  product  of  its  combustion  (noted  by  Macquer, 
1766).  In  burning,  it  produces  a  greater  heat  than  an  equal  bulk  of 
any  known  substance,  one  gramme  of  hydrogen,  in  combining  with 
eight  grammes  of  oxygen,  produces  sufficient  heat  to  raise  34,462 
grammes  of  water  1°  C.  [=  62,031  grains  1°  F.]  The  calorific 
power  of  hydrogen,  therefore,  is  equal,  wo  say,  to  34,462  theiiml 
units. 

With  oxygen,  hydrogen  does  not  combine  under  ordinary  circum- 
stances ;  but  by  heat,  or  by  the  action  of  spongy  platinum,  or  if  the 
gases  be  nascent,  combination  may  be  easily  eifected.  This  com- 
bination of  oxygen  and  hydrogen  occurs  with  considerable  violence, 
an  explosion  resulting  from  the  sudden  expansion  caused  by  the  heat 
developed  by  the  combination. 

In  the  case  of  the  haloids,  heat  is  required  to  effect  the  chemical 
union  of  hydrogen  with  iodine  and  fluorine,  whilst  daylight  is  sufficient 
to  effect  its  combination  with  chlorine  and  bromine. 

With  nitrogen,  combination  may  be  effected  directly,  if  the  gas  be 
in  a  nascent  state,  when  ammonia  is  formed. 

With  carbon  and  sulphur,  the  direct  union,  and  with  phosphorite, 
selenium,  silicon,  etc.,  the  indirect  union  of  hydrogen  may  be  effected. 

With  antimony  and  arsenic,  hydrogen,  when  nascent,  forms  gaseous 
combinations. 

The  acids  have  no  action  upon  it,  except  that  nascent  hydrogen 
reduces  nitric  acid. 

The  alkalies  are  also  without  action  upon  it. 

With  the  metals,  hydrogen  forms  but  few  compounds. 

Metallic  oxides  are  unaffected  by  hydrogen,  unless  they  be  red-hot, 
when  they  are  reduced. 

It  decomposes  at  a  high  temperature,  certain  metallic  sulphides  and 
chlorides,  setting  free  the  metal,  sulphuretted  hydrogen  or  hydrochloric 
acid  being  formed. 

Comparing  hydrogen  with  oxygen,  we  may  note  their  remarkable 
chemical  dissimilarity.  Thus  oxygen  combines  with  all  the  elements 
except  fluorine,  and,  as  a  rule,  directly,  whereas  the  hydrogen  com- 
pound with  fluorine  is  easily  formed,  and  is  of  great  stability ;  moreover, 
hydrogen  combines  directly  with  none  of  the  elements  except  with 
oxygen,  carbon,  sulphur,  and  the  haloids  fluorine  excepted.  The 
combining  power  between  oxygen  and  the  metals  is  intense,  whilst 
that  between  hydrogen  and  the  metals  is  almost  nil. 

Its  proportion  in  gaseous  mixtures  may  be  determined  by  a  eudio- 
metric  experiment,  as  already  described  (page  98). 
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COMPOUNDS  OF  HYDROGEN  AND  OXYGEN. 

Water    HgO. 

Peroxide  of  hydrogen    HgOg. 

WATER  (H2O). 
Molecular  loeight,  18  ;  Density,  9  ;  Specific  gravity,  I'OOO. 

History. — Water  was  regarded  by  the  ancients  as  an  element. 
Thales  (600  B.C.)  describes  it  as  the  origin  of  all  things  ;  Van  Helmont 
(1600  A.D.)  estimated  the  quantities  present  in  various  animal, 
vegetable,  and  mineral  compounds.  Priestley  (1780)  correctly 
predicted  its  composition,  from  noting  the  moisture  formed  on  firing  a 
mixture  of  air  and  hydrogen.  Watt  and  Cavendish  (1781-1783) 
confirmed  Priestley's  predictions  by  more  accurate  experiments, 
proving  its  compound  nature  and  the  proportions  of  its  constituents. 
Lavoisier  and  Laplace  (1783-4)  added  further  confirmatory  proofs  of 
its  exact  composition. 

Natural  History. — (a.)  In  the  mineral  kingdom  it  is  found  in  the 
atmosphere  as  clouds  and  mist,  also  as  rain,  snow,  and  hail ;  (5)  in 
seas  and  rivers.  It  also  occurs-  (c)  below  the  surface  of  the  earth  to  a 
certain  depth,  thrown  up  here  and  there  as  springs,  and  (d)  lastly, 
combined  in  many  minerals  as  hydrates,  as  water  or  the  elements  of 
water  uncombined  (zeolites).  ((5.)  A  large  percentage  of  vegetable  and 
animal  matter  is  water. 

Preparation.— Chemically  pure  water  is  not  found  in  nature.  It 
may  be  prepared  by  distillation,  that  is,  by  vaporizing  the  water  and 
condensing  the  vapor. 

Composition  :— 

Hydrogen  ...  . 
Oxygen     ...  . 


By  weight 

By  -weight 

H^  = 

volumes. 

(atomic) . 

(percentage) 

2 

2 

11-11 

0  = 

1 

16 

88-89 

H2O  = 

3 

18 

100-00 

The  two  volumes  of  hydrogen  combining  with  one  volume  of  oxygen 
become  condensed  into  two  volumes  of  water  gas. 

Proofs  of  its  composition.— These  are  both  analytical  and  syntheti- 
cal:— 

(A.)  Analytical.  (1.)  By  the  electrolysis  of  water. 

Placing  the  platinum  terminals  of  a  galvanic  battery  in  a  weak  acid 
solution,  the  acid  being  added  to  increase  the  conductivity  of  the 
water,  hydrogen  will  be  immediately  evolved  from  the  negative  pole, 
and  oxygen  from  the  positive.  The  volume  of  oxygen  so  evolved  is 
slightly  less  than  one-half  the  volume  of   hydrogen.     It  should  be 
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exactly  one-lialf,  but  (1)  oxygen  is  more  soluble  than  hydrogen  in 
water,  and  (2)  some  of  the  oxygen  evolved  is  in  an  ozonized  con- 
dition (proved  by  its  action  on  iodized  starch  water),  in  which  form 
three  volumes  are  condensed  into  two.  Experiment  proves  that  water 
is  made  up  of  2  volumes  of  hydrogen  in  chemical  combination  with  1 
volume  of  oxygen.  The  same  fact  might  also  be  demonstrated  by 
passing  sparks  from  the  induction  coil  through  steam  (whereby  it  is 
decomposed),  and  analyzing  the  products  formed. 

Oxygen  is  sixteen  times  heavier  than  hydrogen.  The  bulk  of 
hydrogen  in  water  being  twice  that  of  the  oxygen,  it  follows,  that  in 
18  parts  by  weight  of  water  we  have  2  parts  by  weight  of  hydrogen  + 
16  parts  by  weight  of  oxygen. 

(2.)  That  water  is  made  up  of  oxygen  and  hydrogen  in  these  pro- 
portions by  weight  may  be  proved  by  passing  steam  over  a  weighed 
quantity  of  red-hot  iron,  whereby  the  water  is  decomposed,  hydrogen 
being  set  free,  and  an  oxide  of  iron  formed.  The  hydrogen  may  be 
measured  and  its  weight  estimated,  whilst  the  weight  of  the  oxygen  in 
combination  with  the  iron  may  also  be  determined. 

(B.)  Synthetical.  (1.)  If  two  volumes  of  hydrogen  and  one  volume 
of  oxygen  be  fired  in  a  eudiometer  by  an  electric  spark,  they  combine 
with  explosion,  the  explosion  resulting  from  the  energetic  and  rapid 
combination,  attended  with  sudden  expansion  and  great  evolution  of 
heat.  It  is  necessary  that  the  eudiometer  should  be  surrounded  by  a 
wider  tube,  through  which  steam  is  passed,  in  order  to  maintain  the 
product  in  the  state  of  vapor.  The  water  gas  (HgO)  formed  will 
measure,  under  identical  conditions  of  pressure  and  temperature,  two- 
thirds  the  bulk  of  the  original  gases,  or,  in  other  words,  three  volumes 
of  the  mixed  gases  will  be  found  to  form  two  volumes  of  steam. 
(Cavendish.)    {See  page  34.) 

It  may  further  be  noted  that  combination  in  these  proportions  is 
constant.  If  oxygen  and  hydrogen  be  mixed  in  arbitrary  proportions 
and  exploded,  combination  always  occurs  in  the  proportion  of  two 
volumes  of  hydrogen  to  one  volume  of  oxygen,  whilst  the  gas 
added  in  excess  remains  unaltered  after  explosion. 

(2.)  If  a  stream  of  pure  hydrogen  be  passed  over  a  weighed 
quantity  of  hot  and  well-dried  cupric  oxide,  the  hydrogen  will  deprive 
the  copper  of  its  oxygen,  and  steam  be  formed.  If  the  water  be 
collected  and  weighed,  and  the  weight  of  the  reduced  copper  be  also 
estimated  (the  loss  being  oxygen,  ascertained),  we  shall  be  able  to 
determine  the  relative  weights  of  oxygen  and  hydrogen  present  in 
the  water  so  formed.  (Dulongand  Berzelius,  Dumas  and  Boussingault.) 

(3.)  Water  is  the  only  product  of  the  combustion  of  hydrogen  in 
air  or  oxygen.  And,  moreover,  whenever  combustible  bodies  contain- 
ing hydrogen,  (such  as  tallow,  oil,  coal  gas,  etc.,)  burn  with  flame, 
water  is  always  found  as  one  product  of  combustion. 

It  may  here  be  noted  that  enormous  heat  is  evolved  by  the  union  of 
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hydrogen  and  oxygen.  Thus,  the  oxy-hydrogen  jet  supplies  us  with 
a  heat  almost  unsurpassed  by  chemical  means. 

Properties. — («•)  Sensible. — Water  (when  pure)  is  usually  said  to 
have  neither  color,  taste,  nor  smell.  As  regards  its  color,  we  note  that 
when  a  layer  of  six  feet  is  examined  by  transmitted  light,  it  appears 
of  a  blue  tint,  and  in  still  greater  bulk,  as  seen  in  the  Swiss  lakes,  of 
a  bluish  green  tint.  The  presence  of  organic  matter,  however,  even 
in  minute  quantity,  imparts  a  brownish  tinge  to  the  water,  so  much 
so,  that  the  tint-depth  may  be  taken  as  a  rough  indication  of  the 
amount  of  organic  matter  present  in  solution. 

As  regards  its  odor,  although  this  cannot  be  detected  by  man, 
animals  smell  it  at  long  distances,  as  shown  in  the  case  of  horses  and 
camels  in  the  desert. 

Physical— (fi.)  The  specific  gravity  of  water  at  39-2°  F.  (4'^  C), 
(its  point  of  maximum  density)  is  regarded  as  1-000,  and  has  been 
adopted  as  the  standard  of  comparison  for  solids  and  liquids. 

Water  may  exist  in  the  solid,  liquid  or  gaseous  state.  The  change 
from  the  solid  into  the  liquid,  or  from  the  liquid  into  the  gaseous 
state,  involves  the  absorption  of  heat. 

As  to  its  iveiglit — 

1  cub.  in.  of  water  weighs  (62°  F.  or  16-7°  C.)  252-4.56  grs.,  Sp.  Gr.  1-000 
„        of  ice        „      (32°  P.  or  0°  C.)       235-000  grs.,  Sp.  Gr.  0-91674 
„        of  steam     „     (212°  F.  or  100°  C.)    0-1932  gr.,  Sp.  Gr.  0-623  (0-0693x9) 

Water  is  therefore  about  825  times  heavier  than  air.  A  cubic  foot 
weighs  about  1000  ozs.  avoird.  (actually  997  ozs.)  ;  one  gallon,  70,000 
grains,  or  about  10  lbs.  avoird.  *;  1  litre  (at  4°  C),  1000  grammes,  or  1 
kilogramme. 

Water  is  practically  incompressible.  Every  atmosphere  contracts  it 
about  fifty-one-millionths  of  its  bulk;  in  other  words,  a  pressure  of 
30,000  lbs.  will  force  14  volumes  into  13.  (Regnault.) 

The  action  of  heat. — At  all  temperatures,  water  evaporates.  At 
32°  F.  (0°C.)  it  freezes  (hexagonal  system).  If  this  frozen  water  be 
heated  it  melts,  but  until  the  whole  of  the  ice  be  melted  the  liquid 
remains  at  32°  F.  (0°  C),  notwithstanding  the  application  of  heat. 
After  the  ice  is  melted,  its  temperature  gradually  rises  as  the  heat  is 
continued  up  to  212°  F.  (100°  C),  when  the  water  boils  (i.e.  at  760  mm. 
pressure),  whilst  if  the  heat  be  applied  long  enough,  the  water 
entirely  boils  away. 

I.— We  say,  then,  water  freezes  or  becomes  solid  at  32°  F.  or  0°  C. 
But  the  exact  temperature  of  freezing  is  influenced  by  a  variety  of 
circumstances.  The  melting  point  of  ice  is  more  constant  than  the 
freezing  point  of  water  ;  hence,  the  former  is  usually  employed  in 
graduating  thermometers.  The  circumstances  influencing  the  tem- 
perature of  freezing  are  as  follows  : — 

*  "A  pint  of  water 

"Weighs  a  pound  and  a  quarter." 
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(a.)  The  presence  of  atmospheric  air.  In  closed  vessels,  at  perfect 
rest  and  out  of  contact  with  air,  the  temperature  of  water  may  be 
lowered  to  14°  F.  ( — 10°  C.)  without  solidification,  but  if  the  water  at 
this  temperature  be  shaken,  it  instantly  freezes,  the  temperature 
immediately  rising  to  32°  F.  (0°C.). 

(/3.)  In  closed  vessels,  air  being  ■present,  or  in  very  narrow  tubes, 
water  may  be  cooled  to  o°F.  ( — lo°C.)  without  freezing,  solidifica- 
tion occurring  on  the  slightest  motion  being  imparted  to  the  liquid. 

(y.)  If  water  be  surrounded  by  certain  mixtures  (such  as  chloro- 
form and  sweet  almond  oil,  which  may  be  mixed  in  such  proportions 
that  the  liquid  has  the  same  density  as  water),  the  water  thus  encircled 
may  be  cooled,  without  solidifying,  to  — 4°  F.  (  — 20°  C).  If,  in  this 
state,  however,  it  be  touched  with  a  piece  of  ice,  it  instantly  freezes 
and  expands. 

(g.)  Pressure. — The  melting  point  is  lowered  0-0075°  C.  for  every 
additional  atmosphere.  At  a  pressure,  therefore,  of  13,000  atmo- 
spheres, ice  would  be  converted  into  water  at  0*4°  F.  ( — IS**  C).  Water 
at  39"2°F.  (4°  C),  enclosed  in  a  perfectly  tight  vessel  where  expansion 
is  impossible,  will  not  freeze  although  cooled  below  zero.  The  ice 
crystals  are  rhombohedric  and  six-sided  prisms. 

II.  On  heating  ice  at  82°  F.  (0°  C),  we  note  that  the  application  of 
heat  does  not  raise  the  temperature  until  the  whole  of  the  ice  is 
melted.  Thus,  ice  at  32°  F.  (0°C.)  uses  up  heat  to  become  tvater  at 
32°  F.  (0°C.).  The  amount  of  heat  thus  used  up  by  a  given  amount 
of  ice  is  called  the  latent  heat  of  water,  in  other  words  the  latent  heat 
of  fusion  of  ice.  It  is  latent  in  the  sense  that  it  does  not  affect  the 
thermometer,  but  effects  a  difference  in  the  condition  of  the  molecules 
in  their  relationship  to  each  other.  In  passing  from  the  solid  to  the 
liquid  state  this  latent  heat  is  re-evolved.  A  pound  of  water  at  32°  F. 
(0°C.)  mixed  with  a  poimd  of  water  at  175°  F.  (79-44°  C.)  wiU  have 

a  mean  temperature  of  —   =  103-5°  F.,  whilst  a  pound  of  ice  at 

32°  F.  (0°C.),  mixed  with  a  pound  of  water  at  175°  F.  (79-44°  C.)  will 
have  a  temperature  of  32°  F.,  but  the  ice  will  have  melted,  143  degrees  F. 
having  been  required  for  this  purpose.    Note,  therefore, 

175  _  143  =  32  ;  temperature  of  liquid  =      ^      =  32°  F. 

We  regard,  therefore,  143° F.  (79'4°  C.)  as  the  latent  heat  of  water; 
in  other  words,  143°  F.  (79-4°  C.)  is  the  heat,  unrecognisable  by  a 
thermometer,  absorbed  by  1  lb.  of  ice  in  becoming  water.  In  other 
words  one  gram  of  ice  at  0°  C.  is  converted  into  one  gram  of  water  at 
0°  C.  by  the  disappearance  of  79-4  thermal  units. 

Water  has  the  highest  latent  heat  of  known  liquids. 

[For  explanation  of  thermal  unit,  or  unit  of  heat,  vide  page  45.J 

III.  — Ice  presents  a  peculiar  phenomenon  termed   "  Reg  elation. 
Two  pieces  of  ice,  on  being  squeezed  together,  cohere.    This  cohesion 
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("  regelation  ")  is  probably  due  to  a  certain  portion  of  the  ice  becoming 
melted  at  the  points  of  contact,  owing  to  a  lowering  of  the  melting 
point  by  pressure.  Instantly,  however,  that  the  pressure  is  removed, 
the  water  solidifies. 

IV. — After  a  sufficiency  of  heat  has  been  appHed,  the  water  boils. 
Water  evaporates  spontaneously  (that  is,  gives  off  vapor)  at  all  tem- 
peratures. Spontaneous  evaporation  implies  certain  molecules  finding 
their  way  into  the  space  above  the  liquid,  which  space  if  limited  will 
ultimately  become  "saturated,"  i.e.,  when  the  molecules  given  off  from 
the  surface  are  numerically  the  same  as  the  molecules  that  fall  back  into 
the  liquid.  The  vapor  thus  given  off  by  a  hquid  has  a  certain  "  elastic 
power,"  or  "  tension."  Air  also  has  an  "  elastic  power,"  or  "  tension," 
capable  of  supporting  760  mm.,  or  nearly  30  inches  of  mercury; 
in  other  words,  air  has  an  elastic  power  capable  of  exerting  a 
pressure  of  15  lbs.  on  every  square  inch.  When  the  tension  or  pres- 
sure of  the  vapor  given  off  by  a  liquid  under  the  action  of  heat, 
balances  the  tension  or  pressure  of  the  atmosphere,  the  liquid  is  said  to 
boil.    This  in  the  case  of  water  occurs  at  212°  F.  (100°  C). 

v.— Various  circumstances  influence  the  temperature  at  which  water 
boils  : — 

(a.)  Boiling,  we  have  said,  is  the  "temperature  at  which  the  pres- 
sure or  the  tension  of  the  evolved  vapor  balances  the  pressure  of  the 
atmosphere."    Hence,  by  lessening  the  pressure  the  boiling  point  of  a 
liquid  may  be  lowered,  and  vice  versa.    But  for  every  liquid  there  is  a 
temperature  at  and  beyond  which  pressure  is  ineffectual  to  restrain  the 
liquid  passing   into  the  gaseous  condition.     This  is  termed  "The 
critical  point."    Thus  if  some  liquid  COo  be  confined  in  a  strong  glass 
tube  over  which  a  little  warm  water  be  poured,  a  point  will  arrive  when 
the  whole  of  the  liquid  suddenly  disappears.    Probably  the  critical  point 
is  when  vapor  and  liquid  have  the  same  specific  gravity.  (Ramsay.) 
The  facts  relating  to  the  phenomena  of  the  critical  point  indicate  the 
impossibility  of  liquefying  certain  gases  at  ordinary  temperatures  by 
pressure  only.    Hence,  in  the  liquefaction  experiments  of  Pictet  and 
others,  where  oxygen,  hydrogen,  nitrogen,  carbonic  oxide,  etc.,  have 
yielded,  these  experimenters  have  combined  intense  cold  with  great 
pressure.    Inasmuch  as  the  pressure  of  the  atmosphere  constantly 
varies,  it  follows  that  the  boiling-point  of  water  roust  be  constantly 
varying.    It  is  only  when  the  barometer  is  at  760  mm.  (that  is,  the 
mean  height  of  the  barometer  at  the  sea-level)  that  water  boils  at 
100°  C,  the  boiling-point  being  reduced  1°  C.  for  every  27  mm.  that 
the  barometer  falls.    If  water  be  placed  under  the  exhausted  receiver 
of  an  air-pump  it  may  be  made  to  boil  even  at  common  temperatures. 
On  Mont  Blanc  (417  mm.  pressure),  water  boils  at  183-2°  F,  (84°  C). 
It  will  be  seen,  therefore,  that  by  noting  the  temperature  at  which 
water  boils,  by  means  of  what  are  called  hypsometric  thermometers,  we 
may  infer,  approximately,  the  elevation.    For  every  590  feet  the  boil- 
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iug  point  is  lowered  about  1  degree  F.,  or  1  degree  C.  for  every  1,062 
feet. 

The  following  table  gives  the  tension  of  aqueous  vapor  at  different 
temperatures.  It  will  be  noted  that  at  212°  F.  (lOO**  C),  the  vapor 
tension  of  water  is  equal  to  the  pressure  of  the  atmosphere  (760  mm.). 
Hence  water  boils  at  212°  F.,  or  100°  C.  :— 

Tension  of  the  vapor  of  water  (Regnault). 


Temperature. 

Tension  in  Mm. 
of  Mercury. 

Temperature. 

Tension  in  Mm. 
of  Mercury. 

°F. 

°F. 

°C. 

—  4 

—  20 

0-927 

104 

40 

54-906 

+  14 

—  10 

2  093 

122 

50 

91-982 

32 

0 

4-600 

140 

60 

148-791 

41 

+  6 

6-534 

158 

70 

233-093 

50 

10 

9-166 

176 

80 

354-280 

69 

15 

12-699 

194 

90 

625-450 

68 

20 

17-391 

212 

100 

760-000 

86 

30 

31-548 

The  above  diagram  will  show  the  importance  when  graduating 
thermometers,  of  accurately  noting  the  barometric  pressure  at  the 
time  of  graduation. 

Further  by  increasing  the  atmospheric  pressure  the  temperature  at 
which  water  boils  will  also  be  increased.  With  one  atmosphere  {i.e., 
760  mm.  pressure)  we  have  seen  that  water  boils  at  212°  F.  (100°  C); 
with  two  atmospheres  it  requires  a  heat  of  249°  F.  (120  6°  C.)  ;  with 
three  atmospheres,  of  273°  F.  (133-9°  C.)  ;  with  ten  atmospheres,  of 
356-5°  F.  (180-3°  C);  with  twenty  atmospheres,  of  415-4°  F.  (213°  C); 
and  so  on. 

(/3.)  The  boiling  point  varies  with  the  purity  of  the  liquid,  as  for 
example,  the  presence  of  solids  in  solution,  increasing  with  the  degree 
of  concentration,  the  adhesion  of  solids  to  liquids  being  greater  than 
the  cohesion  between  the  molecules  themselves.  Thus  in  the  case  of 
water  : — 

A  saturated  solution  of  sodic  cartonate  boils  at  104-6°  C.  or  220-2°  F 


sodic  chloride 
potassic  nitrate 
,,  sodic  nitrate 

potassic  carbonate 
,,  calcic  chloride 


108-4°  C.  or  227-0°  F. 
115-9°  C.  or  240-6°  F. 
121-0°  C.  or  249-8°  F. 
133-0°  C.  or  271-4°  F. 
179-5°  C.  or  355-1°  F. 


(y.)  The  boiling  point  depends  on  the  depth  of  the  bulk  heated.  A 
column  32  feet  deep  would  not  completely  boil — that  is,  give  off  vapor 
from  the  bottom  of  the  vessel — at  a  lower  temperature  than  249-8°  F. 
(121°  C). 

(2.)  The  boiling  point  varies  with  the  vessel  in  which  the  water  is 
boiled.    The  adhesion  of  water  for  glass  is  greater  than  the  adhesion 
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of  water  for  metal.  This  adhesion  must  be  overcome  ;  and  hence,  in 
the  case  of  very  clean  glass,  the  adhesion  between  the  glass  and  the 
water  particles  may  raise  the  boiling  point  1  or  2  degrees.  Hence  to 
determine  boiling  points  accurately,  the  temperature  of  the  vapor  and 
not  of  the  liquid  should  be  recorded. 

By  the  term  "  superheated "  is  implied  the  raising  the  temperature 
above  the  boiling  point  without  ebullition. 

(e.)  In  boiling,  the  cohesion  of  the  particles  of  water  for  one 
another  has  also  to  be  overcome  by  heat.  The  presence  of  gases  in 
solution  lowers  the  boiling  point  by  destroying  this  attraction  of  the 
water  particles,  and,  conversely,  the  absence  of  dissolved  gases 
heightens  the  boiling  point. 

VI.  — The  latent  heat  of  vapors  is  the  heat  that  disappears  in  the 
change  from  a  liquid  to  a  gas.  This  latent  heat  is  evolved  in  the 
opposite  molecular  change  from  the  gas  to  the  liquid.  The  latent  heat  of 
steam  is  said  to  be  997  degrees  F.,  or  537  degrees  C.  {i.e.,  537  thermal 
units)  ;  (i.e.)  1  gram  of  steam  will  raise  537  grams  of  water  through 
1  degree  C.  Or  putting  the  facts  in  a  more  practical  form,  the  heat 
required  to  boil  away  1  lb.  of  water  at  212°  F.  (100°  C.)  will  raise 
5-37  lbs.  of  water  from  32°  to  212°  F.  (=180  degrees  F.),  [or  from 
0°  to  100°  C.  (=100  degrees  C,)]  ;  or  if  the  steam  from  1  lb.  of  water 
be  conveyed  into  5-37  lbs.  of  water  at  32°  F.  (0°  C),  it  will  raise  it  to 
212°  F.  (100°  C). 

(180  X  5-37  =  996-66,  or  100  x  5-37  =  537). 

VII.  — If  a  drop  of  water  be  placed  on  a  red-hot  platinum  dish,  it 
assumes  what  is  called  the  sj)heroidal  condition  ;  that  is,  the  spheroid 
rests  on  a  cushion  of  its  own  vapor,  which,  being  a  bad  conductor  of 
heat,  prevents  the  spheroid  of  water  boiling.  The  temperature  of 
the  spheroid  has  been  ascertained  to  be  about  194°  F.  (90°  C),  whilst 
the  space  between  the  spheroid  and  the  dish  is  said  to  be  about  0-15  to 
0'2o  mm. 

VIII.  — On  subjecting  water  to  the  action  of  cold,  it  gradually  con- 
tracts until  it  reaches  a  temperature  of  39*2°  F.  (4°  C).  This  tempera- 
ture is  what  is  called  'Uhe  maximum  density  of  water,'"  i.e.,  distilled  water. 
[We  should  note  that  the  presence  of  soluble  salts  lowers  the  maximum 
density,  so  that  in  sea-water  it  is  below  32°  F.  (0°  C.)]  At  this  point 
of  maximum  density  a  given  bulk  of  water  weighs  more  than  at  any 
other  temperature.  Hence  Ic.c.  of  water,  at  39-2°  F.,  or  4°  C,  is 
taken  as  representing  a  gramme  weight.  Below  39*2°  F.  (4°C.)  water 
expands  rapidly,  so  that  ice  floats  on  water,  owing  to  its  less  specific 
gravity.  The  sp.  gr.  of  water  at  0°  C.  is  0-99987,  whilst  that  of  ice 
at  0°  C.  is  0-91662.  (1  volume  of  water  at  0°  C.  becomes  1-09082 
volume  of  ice).  Thus  water-pipes  break,  rocks  disintegrate,  and  rivers 
and  lakes  freeze  only  on  the  surface,  the  ice  easily  melting  as  the  warm 
weather  returns.  At  39-2°  F.  (4°  C.)  convection  in  {i.e.,  the  circulation 
of)  rivers  and  lakes  ceases. 


240 


HANDBOOK  OF  MODERN  CHEMISTRY. 


When  water  is  heated  from  39-2°  F.  (4°  C.)  it  expands  ;  1  volume 
of  water  at  39-2° F.  (4°C.),  becoming  1-04312  volumes  at  212°  F 
(100°  C). 

We  may  here  note  that  aqueous  vapour  is  very  opaque  to  heat. 
Thus  the  moisture  of  the  air  prevents  radiation  from  the  earth. 

Water  is  a  simple  refractor  of  light,  its  refracting  power  increasing 
as  it  is  cooled.  This  increase  of  refraction  is  not  interfered  with  by 
its  expansion  below  39*2°  F.  (4°  C).  (Arago  and  Fresnel.) 

Water  as  a  neutral  solvent  is  unsurpassed.  Solution  is  generally 
a  purely  physical  act,  neither  heat  nor  change  of  property  resulting. 
The  act  of  liquefaction  {i.e.,  the  passage  from  a  solid  to  a  liquid)  is 
usually  accompanied  by  cold  {i.e.,  the  absorption  of  heat). 

I.  Solubility  of  solids. — The  rapidity  with  which  a  solid  dissolves 
depends— (1)  on  whether  the  solid  be  in  lump,  or  finely  powdered; 
and  (2)  on  the  motion  imparted  to  the  mixture.  In  the  first  case, 
powdering  the  body  increases  the  surface  upon  which  the  water  acts  ; 
and  in  the  second,  motion  removes  the  saturated  solution  surrounding 
the  solid,  thus  bringing  fresh  and  unsaturated  portions  of  the  solvent 
into  contact  with  the  material.  If  such  motion  be  not  imparted  to 
the  menstruum  during  the  period  of  action,  solution  is  slow  and  only 
proceeds  by  "  liquid  diffusion  "  (a  process  analogous  to  "  gaseous  diffu- 
sion "),  i.e.,  the  passage  of  a  solution  of  one  salt  into  adjacent  water  or  a 
solution  of  a  second  salt  contrary  to  gravity.  The  diffusive  power 
varies  with  different  bodies,  and  depends  on  the  independent  motions 
of  the  molecules.  It  varies,  too,  with  different  temperatures,  warmth 
increasing  the  diffusive  velocity.  Equal  velocities  are  said  to  be  noted 
in  the  case  of  isomorphous  salts.  It  is  rapid  with  potassic  chloride, 
and  with  most  crystalline  bodies,  but  slow  with  gelatine  and  with 
most  jelly-like  bodies.  Bodies  that  diffuse  rapidly  are  called  "crystal- 
loids," and  bodies  that  diffuse  slowly  or  not  at  all,  colloids"  {KoXka, 
glue).  This  diffiision  of  certain  bodies  and  non-diffusion  of  others 
takes  place  equally  well  if  a  membrane,  which  must  itself  be  colloidal, 
separates  the  two  liquids  (Dialysis),  the  rapidity  with  which  one 
liquid  passes  through  the  membrane  into  the  second  in  no  way  neces- 
sarily representing  the  rate  at  which  the  second  passes  through  the 
membrane  and  into  the  first  liquid. 

In  describing  the  solubility  of  solids,  it  is  usual  to  state  the  number 
of  parts  of  anhydrous  salt  taken  up  by  100  parts  of  water  at  a  given 
temperature. 

Ordinarily  the  solubility  of  a  body  increases  as  the  temperature 
increases.  If  a  boiling  solution  of  a  salt  be  allowed  to  cool,  exposed 
to  the  air,  a  certain  portion  of  the  salt  crystallizes  out,  and  the  clear 
solution  at  normal  temperatures,  is  termed  "  a  saturated  solution, 
i.e.,  a  solution  which  at  that  temperature  can  dissolve  no  more  of  the 
salt ;  but  if  it  be  allowed  to  cool  out  of  contact  with  air,  a  larger  quan- 
tity of  the  salt  is  then  held  in  solution  than  that  indicated  by  the 
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coefficient  of  solubility,  and  this  is  termed  "  a  mpersaturated  solution," 
from  which,  however,  the  excess  of  solid  matter  may  often  be  sepa- 
rated by  slight  physical  disturbances,  such  as  motion,  dust,  or  dropping 
into  the  solution  a  minute  fragment  of  the  salt. 

A  saturated  solution  of  one  salt  will  often  dissolve  an  appreciable 
amount  of  a  second  salt. 

The  influence  of  temperature  on  solubility  is  not  constant  : — 

(1.)  The  solubility,  for  instance,  of  potassic  chloride  is  directly  as 
the  temperature,  but  the  solubility  of  potassic  chlorate  increases  far 
more  rapidly  than  the  temperature. 

(2.)  The  solubility  of  some  bodies,  such  as  sodic  chloride,  is  the  same 
at  all  temperatures. 

(3.)  The  solubility,  in  some  cases,  decreases  as  the  water  is  heated. 
Thus  lime  is  twice  as  soluble  in  water  at  32°  F.  (0°  C.)  as  it  is  in 
water  at  212° F.  (100°  C).  One  part  of  strontic  sulphate  requires 
7,000  parts  of  water  at  57-2°  F.  (14°  C.)  and  9,600  parts  at  212°  F. 
(100°  C.)  for  complete  solution. 

(4.)  Occasionally  the  maximum  solubility  of  substances  is  at  a  tem- 
perature a  little  above  the  common  temperature,  and  decreases  if  the 
temperature  be  raised.  Thus  at  32°  F.  (0°  C.)  1  part  of  calcic  sulphate 
is  soluble  in  488  parts  of  water,  but  at  95°  F.  (35°  C.)  1  pq^ t  is  soluble 
in  393  of  water.  This  is  the  point  of  maximum  solubility  of  calcic 
sulphate  in  water,  and  from  this  point  its  solubility  decreases,  for,  at 
212°  F.  (100°  C.)  1  part  requires  460  of  water  for  solution.  Solution 
is  usually  accompanied  by  contraction,  the  volume  of  the  solvent,  plus 
the  substance  dissolved,  being  greater  than  the  solution.  (To  this  rule 
NH4CI  is  an  exception.)  It  is  also  accompanied  by  the  absorption  of 
heat,  save  and  except  where  chemical  union  occurs  between  the  solvent 
and  the  substance  dissolved. 

Water,  when  "superheated,"  i.e.,  heated  under  pressure,  possesses 
greatly  increased  solvent  powers.  Thus,  at  300°  F.  (149°  C.)  water 
dissolves  glass.  Possibly  the  dissolved  silica  present  in  the  Geyser 
springs,  may  be  accounted  for  by  the  action  of  water,  superheated  by 
internal  pressure. 

n.  Solubility  of  liqidds.—"  Miscibility."—Bj  this  is  implied  the  mis- 
cibility  or  the  blending  of  liquids.  Water  mixes  with  alcohol.  If  the 
water  be  in  excess  the  water  is  regarded  as  the  solvent,  whilst  the 
alcohol  is  termed  the  solvent  if  it  be  in  excess. 

III.  Solubility  of  gases.— "Abso7ption."— All  gases  are  more  or  less 
soluble  in  water— i.e.,  are  more  or  less  absorbed  by  water— but  all 
gases  are  not  equally  soluble. 

The  "  coefficient  of  sohibility,"  or  "absorption  coefficient,"  as  it  is  called, 
IS  the  volume  of  gas  absorbed  by  one  volume  of  water  at  59°  F. 
(15°  C). 

The  following  table  exhibits  the  absorption  or  solubility  of  various 
gases  in  water:— 
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Gas  at  59°  F.  (B.P.  30). 


Hydi'Ogen 
Nitrogen 
Carbonic  oxide  . . 

Oxygen   

Marsh  gas 
defiant  gas 
Nitrous  oxide    . . 
Carbonic  acid    . . 
Chlorine.. 

Sulphuretted  hydrogen 
Sulphurous  acid 
Hydrochloric  acid 
Ammonia 


Vol.  dissolved  by  one 
vol.  of  water  at  59°  F. 
(15°  C.)  and  30  B.P. 


•0193 

-0193 

•0148 

-0-203 

•02'13 

•0328 

0-299 

-0411 

•0-391 

•0545 

•1615 

•2663 

•7780 

1-3062 

1-0000 

1.7967 

2-5680 

3-2326 

4-3706 

43-5640 

68-8610 

457-8000 

505-8000 

782-7000 

1148-0000 

Vol.  dissolved  by  one 
vol.  of  water  at  32°  F. 
(0°  C.)  and  30  B.P. 


[Note. — The  absorption  coefficient  is  often  stated  as  the  volume  of 
gas  at  0°  C.  and  766  mm.  absorbed  by  1  c.c.  of  liquid  at  0°  C.  and 
766  mm.] 

The  solubility  of  a  gas  in  water  (and,  indeed,  in  all  other  solvents) 
is  influenced  by  certain  circumstances  : — 

(1.)  The^temperature  of  the  solvent. — The  general  law  may  be  thus 
stated  : — The  volume  of  gas  dissolved  is  constant  for  a  given  temjura' 
ture,  but  increases  as  the  temperature  of  the  solvent  decreases.  But 
note — 

(a.)  In  the  case  of  hydrogen  the  solubihty  remains  the  same  for  all 
temperatures. 

(j3.)  The  law  is  only  true  so  long  as  the  solvent  remains  liquid,  for 
directly  the  liquid  freezes  the  dissolved  gases  are  usually  liberated. 
But  exceptions  to  this  rule  are  found  in  certain  cases,  such  as  car- 
bonic anhydride,  and  in  the  case  of  those  gases  such  as  chlorine, 
that  form  definite  chemical  compounds  with  water. 

When  the  solvent  is  boiled,  the  dissolved  gas  is,  as  a  rule,  entirely 
evolved.  In  the  case,  however,  of  those  gases  that  are  very  soluble 
(such  as  hydrochloric  acid  gas),  mere  boiling  never  effects  the  entire 
expulsion  of  the  gas.  The  solution  having  become  of  a  certain 
strength  remains  constant,  evaporation  to  dryness  being  the  only 
means  of  effecting  complete  removal. 

(2.)  The  degree  of  pressure. — In  the  case  of  the  moderately  soluble,  but 
not  in  the  case  of  the  very  soluble  gases,  Dalton  and  Henry's  law  holds 
good,  that  "  the  volume  of  gas  absorbed  varies  directly  with  the  pressure." 
With  a  pressure,  e.g.,  of  one  atmosphere,  one  volume  of  water  at  0°  C. 

dissolves  1'18  volumes  of  COgj  with  ^  atmosphere,^— g- =^^"^^ 

volume  ;  with  2  atmospheres,  (1*18  x2=),  2*36  volumes,  etc. 

By  placing  a  solution  of  gas  in  a  vacuum,  its  almost  entire  removal 
from  the  solvent  may  be  effected.    It  may  be  noted,  moreover,  that  a 
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similar  withdrawal  may  often  be  effected  by  exposing  the  solution  of 

one  gas  to  an  atmosphere  of  a  second  gas. 

We  have  now  to  consider  the  action  of  solvents  on  a  mixture  of  gases  — 

Good  drinking  water  should  be  well  aerated,  i.e.,  should  contain  a 

certam  quantity  of  dissolved  gas.  Every  gallon  of  water  should 
jield  about  7  cubic  inches  of  gas  (4  cubic  inches  of  nitrogen, 
2  cubic  inches  of  oxygen,  and  1  cubic  inch  of  carbonic  anhydride) 

Ihese  gases  are  dissolved  by  the  water  from  the  air.  But  air  is 
a  mixture  of  1  part  of  oxygen  to  4  parts  of  nitrogen  (exactly  as  21  to 
79)  whereas  the  dissolved  gas  is  in  the  proportion  of  1  of  oxygen  to 
2  of  nitrogen.    How  is  it,  then,  that  the  ratio  of  the  gases  dissolved 

the  at?''^^*''  """^^       ^^''^      ""^''^  ""'^ 

In  a  mixed  gas  the  solution  of  the  several  constituents  does  not 
clepend  on  the  ge7ieral  pressure,  but  on  the  pressure  exerted  by  each  gas 
per  se.     For  example,  to  take  a  simple  case  :  If  we  act  with  water  on 
a  mixture  of  one  volume  of  oxygen  and  three  volumes  of  nitrogen 
under  a  pressure  of  four  atmospheres,  we  shall  find  that  the  oxygen 
dissolved  will  be  that  quantity  that  the  water  can  absorb  under  one 
atmosphere  {i.e.,  the  ^th  of  four  atmospheres) ;  and  the  nitrogen, 
the  quantity  the  water  can  absorb  under  a  pressure  of  three  atmo- 
spheres |ths  of  four  atmospheres).    So  with  air,  ^th  of  which 
IS  oxygen  and  |ths  nitrogen,  the  pressure  of  the  whole  being  one 
atmosphere     The  quantity  of  each  gas  dissolved  will  be  found  by 
multiplying  the  proportion  of  the  gas  in  the  mixture  by  its  co-efficient 
ot  solubility  ;  thus — 

0-0299  (coefficient  of  absorption  of  oxygen)  x  1  (proportion  of  oxygen  in  air)  =  0-00598 
^      °-  of  nitrogen)  XI  (       do.      of  nitrogen  do.)  =  0-01184 

0-01782 

nronorL  ^/^^^f  0-01184  nitrogen;  that  is,  in  about  th^ 
dLsnl     l\  *°  °f  Thus  the  air 

ox'en  is  '  "'*r-"  f^"'  atmosphere.  This 

anTrH  IT'r.  "i*'''  *1^-  -PP-t  of  water- 

du  Ts  Li  !;  purification,  whereby  harmful  pro- 

acid  to?.?"^-f        '"'"'^^^  The  carbonic 

i  f  '"'^  disintegration  and  in  soil-formation. 

them  with  "'''^  ^«  ^l«^ly  decomposed  by 

o22t  *^,%^7l"*r  (H.0  +  Cl,=2HCH-0)     On  tl 

heated      r  ''''''  ^      '-^^^ion  unless  it  be 

nTZt  r        7       decomposed  (C-t-H,0=CO-f-H,).     On  oxygen, 
mt^ogen,  and  hydrogen,  its  action  is  simply  that  of  a  solvent.  The  metals 
c    acKecl  differently  by  it.    (i.)  The  alkaline  metals  decompose  it 

watPr  1  7-,   "^T*"'''  '  ^"-^  ^affnesium,  etc.,  decompose  it  if  the 
•      oe  Doiimg;  (ui.)  tron,  zinc,  etc.,  decompose  it  when  the  metals 
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are  red  hot ;  (iv.)  gold  and  platinum  require  to  be  raised  to  a  white 
heat  in  order  to  effect  its  decomposition. 

(y.)  Chemical. — Water  is  without  action  either  on  litmus  or  turmeric. 
Chemically,  it  is  an  indifferent  oxide.  It  unites  with  bodies  in  several 
ways  to  form  hydrates.    Thus — 

(1.)  It  unites  with  the  anhydrides  to  form  aacZs,  heat  being  evolved 
at  the  time  of  combination  (S03  +  H20=H2S04).  This  water  molecule 
cannot  be  afterwards  separated  from  the  anhydride,  merely  by  the 
action  of  heat.  Sulphuric  acid,  moreover,  has  a  great  affinity  for 
water,  and  hence  one  of  its  common  laboratory  uses. 

(2.)  It  unites  with  hoses  to  form  hydrates,  heat  being  evolved  at  the 
time  of  combination.  In  some  cases  the  water  molecule  cannot  be 
driven  oS  by  heat  (e.  g.,  KHO),  whilst  in  other  cases  a  red  heat  will 
effect  its  expulsion  {e.g.,  CaH202=CaO  +  HoO). 

(3.)  It  unites  with  certain  bodies  as  water  of  crystallization,  i.e., 
water  connected  with  the  shape  and  color  of  the  crystals  (aquates). 
This  water  of  crystallization  may  be  expelled  at  a  temperature  of 
212°  F.  (100°  C),  certain  changes  resulting.  Thus,  if  blue  sulphate^of 
copper  (CuS04,5H20)  be  heated  to  212°  F.  (100°  C),  it  loses  four  of 
its  water  molecules,  becoming  CuS04,H20,  whilst  at  the  same  time  it 
loses  both  shape  and  color.  So  'again  the  pink  hydrated  chloride  of 
cobalt  (CoClo  +  Gaq)  forms,  when  heated,  the  blue  anhydrous  chloride 
(C0CI2),  which  again  becomes  hydrous  and  pink  on  exposure  to  air 
(sympathetic  ink).  Similar  changes  of  color  are  well  marked  in 
magnesic-platino-cyanide,  which  is  green,  red,  yellow,  or  white, 
according  to  the  quantity  of  water  of  crystallization  it  contains. 
Some  salts  (as  e.g.,  NaCl)  contain  no  water  of  crystallization,  whilst 
in  many  others  (as  e.g.,  sodic  sulphate,  borax,  etc.),  the  number  of 
water  molecules  may  be  made  to  vary,  different  crystalline  shapes 
resulting. 

In  some  cases  (as  e.g.,  sodic  carbonate)  bodies  part  with  their 
water  of  crystallization  at  ordinary  temperatures  (effloresce)  ;  whilst 
many  others  (as  e.  g.,  potassic  carbonate)  absorb  water  on  exposure, 
and  melt  (deliquesce).  Thus  calcic  chloride  is  used  in  the  laboratory 
as  a  desiccating  agent. 

(4.)  It  unites  in  certain  cases  as  water  of  constitution,  or  water  of  halhy- 
dration,  i.e.,  as  water  associated  with  the  chemical  properties  of  bodies. 
Thus,  a  crystal  of  magnesic  sulphate  contains  seven  molecules  of  water 
(MgS04,7H20).  If  this  be  heated  to  212°  F.  (100°  C),  six  molecules 
(water  of  crystallization)  are  driven  off,  and  the  salt  is  represented 
by  the  formula  MgS04,H20.  No  heat,  however,  short  of  410°  F. 
(210°  C.)  will  effect  the  removal  of  this  last  water  molecule,  and  when 
this  temperature  is  reached,  the  salt  itself  undergoes  decomposition. 
It  is  clear,  therefore,  that  this  last  water  molecule,  termed  ''toater 
of  constitxition,"  is  bound  to  the  salt  by  a  closer  attraction  than  the 
other  six  molecules. 
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This  molecule  of  constitutional  water  may  often  be  replaced  by 
another  salt,  whereby  a  double  salt  is  formed.  Thus,  MgS04,H20 
+  6H2O  maybe  made  to  form  MgS04,K2S04  +  6H20,  where  K^SO^^ 
replaces  the  molecule  of  constitutional  water. 

In  order  to  express  these  two  forms  of  water  in  a  salt,  the  water  of 
constitution  is  often  written  in  chemical  symbol,  and  the  water  of 
crystallization  as  aq  (aqua),  thus,  MgS04H20  +  6aq. 

(5.)  Water  may  possibly  exist  in  many  organic  bodies,  such  as 
sugar,  starch,  gum,  etc.,  in  a  molecular  form. 

.Varieties  of  Water. 

I.  Common  Water.— («•)  Hain  Water. — This  is  the  pm-est  form 
of  natural  water.  Even  in  the  country,  however,  and  much  more  in 
towns  and  in  the  neighbourhood  of  factories,  it  is  always  more  or  less 
contaminated  with  the  various  impurities  present  in  the  air.  The  rain 
always  contains  more  or  less  sodic  chloride,  organic  matter,  ammonia, 
nitric  acid,  etc.  ]f  rain  water  has  been  allowed  to  come  into  contact 
with  lead,  it  is  certain  to  dissolve  a  small  quantity  of  the  metal. 

The  rain  collected  after  a  long  continuance  of  wet  is  the  nearest 
approach  known  to  pure  natural  water. 

(b.)  Spring  and  Well  Wate7\—The  total  solids  present  in  these  may 
vary  from  5  to  200  grains  and  more  per  gallon,  their  quantity  and 
character  being  largely  dependent  on  the  chemical  nature  of  the  soil 
through  which  the  water  percolates.  Calcic  and  magnesic  carbonates 
and  sulphates,  and  sodic  chloride,  are  the  salts  most  commonly 
present. 

The  presence  of  nitrites  or  an  excess  of  nitrates  and  chlorides,  fre- 
quently found  in  the  shallow  well  waters  of  towns,  usually  indicates 
sewage  pollution,  the  two  first  being  the  oxidized  products  of  animal 
nitrogenized  substances  (ammonia  and  albuminoid  bodies),  whilst  the 
last  is  derived  from  the  common  salt  used  as  food. 

Sodic  carbonate  is  commonly  found  in  those  well  waters  (as  in  the 
deep  wells  of  London)  that  have  percolated  through  a  bed  of  chalk. 
The  organic  matter  in  the  water  of  wells  and  springs  is  usually  very 
small.  Carbonic  acid  is  the  chief  and  very  often  the  only  gas  present 
in  such  waters.  Its  origin  is,  probably,  either  the  subterranean  de- 
composition of  carbonates,  or  the  oxidation  of  the  carbon  of  organic 
matter.  It  serves  to  hold  the  earthy  carbonates  in  solution.  A 
spring-water  will  often  exhibit  a  slight  turbidity  after  standing,  due  to 
the  carbonic  acid  escaping  by  the  exposure  of  the  water  to  air,  with 
the  consequent  precipitation  of  a  part  of  the  calcic  or  magnesic  car- 
bonate. 

The  temperature  of  spring-water  varies  from  ice-cold  to  167°  F. 
(75°  C),  as  in  the  case  of  some  of  the  Carlsbad  springs.  The  deep 
springs  are  usually  the  hottest. 
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(c.)  Lake  and  Marsh  Water  usually  contain  more  or  less  organic 
matter.  Lake  water  is  of  excessively  variable  composition,  being 
sometimes  very  pure,  but  at  other  times  loaded  with  saline  and 
organic  matter, 

(d.)  River  Water. — Its  composition  depends  much  on  the  nature  of 
the  soil  through  which  the  river  passes,  and  also  on  the  extent  of 
motion,  the  nature  of  the  bed  of  the  river,  and  the  exposure  the  water 
undergoes.  Eiver  water  may  be  regarded  as  a  mixture  of  rain,  spring, 
and  lake  water.  It  differs  from  spring  water  generally  by  being  less 
clear  (spring  water  undergoing  natural  filtration),  less  sparkling  (the 
carbonic  acid  present  being  in  smaller  quantity),  and  usually  by  con- 
taining less  solid  matter.  The  organic  matter  present  is  derived  from 
surface  drainage  and  sewage  ;  but  this,  after  a  sufficient  flow,  and 
if  well  diluted,  is  in  a  great  measure  got  rid  of,  owing  to  the  self- 
purifying  action  of  running  water. 

II.  Mineral  Waters,  i-^-,  a  spring  water  containing  some  medi- 
cinal ingredient.  The  names  given  to  mineral  waters  depend  on  the 
predominating  ingredient  present ;  thus — 

(a.)  Acidulous  Waters,  from  carbonic  acid,  which  may  be  present  in 
quantities  varying  from  30  to  200  cubic  inches  per  gallon  (Seltzer, 
Ilkeston,  Spa,  Pyrmont,  etc.). 

{b.)  Aperient  Saline  Waters,  from  the  presence  of  sulphates  : — 
(1.)  Magnesic  sulphate  (Epsom,  Leamington,  etc.). 
(2.)  Sodic  sulphate  (Cheltenham,  Scarborough,  etc.). 

(c.)  Calcareous  Waters,  from  calcic  sulphate,  or  from  calcic  carbonate 
held  in  solution  by  carbonic  acid  (Matlock,  Bath,  Bristol,  etc.). 

(f/.)  Chalybeate  Waters,  from  the  presence  of  carbonate  of  iron  held 
in  solution  by  free  carbonic  acid  (Pyrmont,  Tunbridge,  etc.).  On 
exposure  to  air,  FcaOg,  HoO  is  precipitated  (2FeC03  +  0  -f  H20= 
FegOg,  HsO  +  2C02). 

(e.)  Brine,  from  the  presence  of  sodic  chloride,  bromide  and  iodide 
(Middlewich,  Shirleywich,  Droitwich,  etc.). 

(/.)  Alkaline  Waters,  from  the  presence  of  sodic  carbonate  and  bi- 
carbonate (Ems,  Vichy,  Malvern,  etc.). 

(^.)  Siliceous  Waters,  from  the  presence  of  silica  (Geysers). 

(h.)  S%d2)huretted  or  Hepatic  Waters  (Harrogate,  Aix-la-Chapelle, 
etc.). 

(/.)  Stdphurous  Waters  (Springs  in  the  neighbourhood  of  vol- 
canoes). 

(y.)  Boracic  Waters  (Lagoons  of  Tuscany). 

III.  Sea- Water. — Sea-water  contains  a  large  quantity  of  sodic 
and  magnesic  chlorides,  to  which  its  bitter  saline  taste  is  due,  and  to 
the  hygroscopic  character  of  which  salts,  the  non-drying  of  clothes 
wetted  with  sea-water  is  to  be  attributed. 

The  following  two  analyses  of  sea-water  may  be  quoted  : — 


WATER. 
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Analysis  of  Two  Samples  op  Sea  Water  taken  at  Margate, 
November  30th,  1882  (Tidy). 

The  7-esults  are  stated  in  grains  per  gallon. 


High  "Water, 
2-69  P.M. 
"Wind  N.,  blowing 
hard. 

Low  "Water, 
9.10  P.M. 
Wind  N.,  slight. 

Total  solid  matter. . 
Ammonia  . . 
Organic  carbon 
Organic  nitrogen  . . 
Free  oxygen  (cubic  inch) 
Lime 

Magnesia  . . 
Chlorine 

Nitrogen  (as  nitrates) 
Silica 

Suspended  matter  {  ^^^^^  P^'^  '^^'^t-  • 

2340-4 
0 

0-274 

0-  249 

1-  656 
24-62 

143-92 
1239-38 
0 

0-32 

11-24  [  77-5  7o 
\  22-5  o/o 

2250-0 
0 

0-282 

0-  275 

1-  65 
18-07 

140-10 
1228-96 
0 

0-60 

16-43  \  ^^'^^ 

1  25-33  0/0 

Hardness,  before  boiling,  degrees 

3950 

388° 

The  sea  is  the  receptacle  for'the  solid  matters  discharged  by  rivers, 
and  dissolved  by  them  from  the  earth!  Their  abstraction  again  from 
the  sea,  and  their  return  to  the  soil,  is  effected  by  fish  and  marine 
plants. 

IV.  Water  for  Drinking  Purposes— It  is  important  to  deter- 
mine— 

(1.)  Hardness.— The  terms  "hard"  and  "soft,"  refer  to  the  soap- 
destroying  power  of  a  water.  Soap  is  an  alkaline  stearate.  The  ad- 
dition to  it  of  lime  and  magnesia  decompose  it,  forming  a  calcic  or 
magnesic  stearate.  Hence  the  reason  why  it  is  difficult  to  obtain  "  a 
lather  "  with  hard  water  (i.e.,  a  water  containing  lime  and  magnesian 
salts),  viz.,  because  a  certain  quantity  of  the  soap  is  required  to  de- 
compose the  calcic  and  magnesian  salts  before  a  lather  can  be  obtained, 
whilst,  conversely,  a  lather  is  at  once  formed  with  a  soft  water,  be- 
cause of  the  absence  of  calcic  and  magnesic  salts.  Two  kinds  of 
hardness  are  usually  described — (a.)  Temporary  hardness,  i.e.,  hardness 
due  to  calcic  or  magnesic  carbonates.  These  salts  are  almost  insoluble 
in  pure  water,  but  are  freely  soluble  in  water  containing  carbonic  acid 
(possibly  as  bicarbonates).  On  boiling,  the  carbonic  acid  is  expelled 
and  the  carbonates  are  precipitated.  Hence  temporary  hardness  is  that 
hardness  which  may  be  got  rid  of  by  boiling  the  water.  (/3.)  Perma- 
nent hardness,  i.e.,  hardness  due  to  calcic  and  magnesic  sidphates,  etc. 
This  is  not  got  rid  of  by  boiling.  By  the  terms  "  total "  or  "  initial 
hardness  "  we  imply  both  the  temporary  and  permanent  hardness  of  a 
water. 
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In  expressing  the  hardness  of  a  water  in  degrees,  it  is  to  be 
understood  that  every  degree,  theoretically,  represents  1  grain  of 
calcic  carbonate  or  its  equivalent  in  soap-destroying  power,  in  one 
gallon  of  water. 

(2.)  Action  on  lead. 

(3;)  Presence  of  organic  matter. 

Hydric  Peroxide  (HgOg). 
Molecular  weight  {probable),  33-92. 

Synonyms.— -P«roa;i£Ze  of  Hydrogen;  Hydric  Dioxide;  Hydroxyl ; 
Oxygenated  Water. 

History.— Discovered  by  Thenard  in  1818.  Examined  by  Brodie 
and  by  Schonbein  in  1850. 

Natural  History. — The  atmosphere,  dew,  rain  and  snow  contain 
small  quantities. 

Preparation.— (1.)  Peroxide  of  b  arium  (BaOg),  (prepared  by  heat- 
ing caustic  baryta  (BaO)  in  a  current  of  oxygen)  is  made  into  a  paste 
with  water  (BaOgjGHgO  being  formed),  and  added  to  dilute  hydro- 
chloric acid,  in  a  vessel  surrounded  by  a  freezing  mixture: — 

Ba02,6H20  H-  2HC1  =  HgOo  +6H2O -t-  BaCl^. 
Hydrated  baric  peroxide-|-Hydrochloric= Hydric  peroxide-f-  "Water  -j-  Baric 

acid  chloride. 

By  decomposing  the  BaCls  thus  formed,  with  dilute  sulphuric  acid, 
HCl  will  be  set  free.  More  of  the  baric  peroxide  may  then  be  added, 
until  the  solution  of  HgOg  is  of  the  required  strength.  The  hydro- 
chloric acid  may  be  removed  by  argentic  sulphate,  and  the  sulphuric 
acid  by  baryta  water.  Finally,  the  solution  is  to  be  concentrated  by 
slow  evaporation  '  in  vacuo  '  over  sulphuric  acid. 

(2.)  By  passing  carbonic  anhydride  through  a  mixture  of  water  and 
baric  peroxide,  or  by  adding  BaOg  to  dilute  hydrofluoric  acid,  a  baric 
carbonate  or  fluoride,  as  the  case  may  be,  being  precipitated  ;  or  by 
adding  potassic  peroxide  to  a  tartaric  acid  solution,  under  which  circum- 
stances a  potassic  tartrate  will  be  precipitated  : — 

BaOe      +         CO2         -H  H2O  =     BaCOg    +  HeOg. 
Baric  peroxide  -}-  Carbonic  anhydiide  +  "Water  =  Baric  carbonate  -|-  Hydric  peroxide. 

Properties. — («•)  Sensible  and  physiological.  A  colorless,  and  when 
concentrated,  a  syrupy  liquid,  having  a  slight  chlorous  odor.  It  whitens 
and  blisters  the  skin.  It  has  a  powerfully  metallic,  astringent  taste, 
whitening  and  deadening  the  sensibility  of  the  tongue,  and  rendering 
the  saliva  thick  and  viscid. 

(/3.)  Physical.  vSpecific  gravity,  1-453.  A  temperature  of  70°  F. 
(21-1°  C.)  effects  its  slow  decomposition  into  water  and  oxygen,  a 
violent  explosion  occurring  at  212°  F.  (100°  C),  when  the  liquid 
evolves  475  times  its  volume  of  oxygen,  the  theoretical  quantity  being 
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501-8  vols.  It  does  not  freeze  at  —22°  F.  (—30°  C).  It  mixes  with 
water  in  all  proportions,  and  is  soluble  in  ether,  which  will  extract  it 
from  its  aqueous  solution  when  shaken  up  with  it. 

(y.)  Chemical.  Its  reaction  is  neutral,  but  it  bleaches  litmus. 

A  dilute  solution  is  more  stable  than  a  stronger  one.  Thus,  a  weak 
solution  may,  to  a  certain  point,  be  concentrated  by  boiling,  some  unde- 
composed  HoOg  passing  over  along  with  the  steam.  The  ethereal 
solution  may  be  distilled  without  decomposition. 

In  contact  with  ozone,  water  is  produced,  and  common  oxygen  set 
free.  It  forms  water  when  acted  on  with  nascent  hydrogen  (HsOo 
+  Zn  + 112804=  ZnS04  +  2Il20).  It  undergoes  slow  spontaneous 
decomposition,  evolving  oxygen,  leaving  common  water.  (This  action 
is  retarded  by  the  presence  of  acids,  and  hastened  by  alkalies.)  Its 
decomposition  may  be  effected  by  the  presence  of  certain  powdered 
metals,  such  as  gold,  silver,  platinum,  etc.,  the  metals  themselves  under- 
going no  change  during  the  process.  {See  Catalysis.)  A  similar 
result  occurs  with  finely  divided  carbon.  Iron,  tin,  and  antimony  have 
no  action  upon  it.  As  a  chemical  agent,  hydroxyl  has  both  oxidizing 
and  reducing  properties  : — 

(1.)  Oxidizing.  It  bleaclies  litmus  and  indigo.  It  rapidly  changes 
selenium,  arsenicum,  etc.,  into  their  highest  oxides,  with  evolution  of 
heat  and  light.  It  converts  arsenious  and  sulphurous  acids  into  arsenic 
and  sulphuric  acids  ;  sulphide  into  sulphate  of  lead ;  the  protoxides  of 
iron,  cobalt,  calcium,  etc.,  into  peroxides,  etc.,  etc.  It  bleaches  many 
organic  bodies,  changing,  e.g.,  dark  hair  to  a  golden  tint  (auricome). 
The  bleaching  action  of  hydroxyl  (like  that  of  chlorine)  is  the  result 
of  its  oxidizing  power. 

(2.)  Deoxidizing  {Reducing).  Mixed  with  the  protoxides  of  silver, 
mercury,  gold,  etc.,  the  hydroxyl  not  only  loses  its  own  oxygen,  but 
also  effects  the  reduction  of  the  oxide  (Ag20  +  2H202=Ag2  +  H20  + 
O2).  Similarly  it  reduces  the  peroxides  of  manganese,  lead,  etc. 
(Mn02  +  H202=MnO  +  H20  +  02),  and  also  chromic  and  permanganic 
acids  (2Cr03  +  3H202=Cr203  +  3H20  +  302),  it  being  at  the  same  time 
Itself  reduced.  Thus  an  atom  of  oxygen  from  the  hydroxyl  combines 
with  an  atom  from  the  compound,  with  which  it  is  only  feebly  united, 
to  form  an  oxygen  molecule  (Og).  For  the  same  reason  hydroxyl  and 
ozone  effect  mutual  decomposition,  with  the  liberation  of  oxygen  and 
the  formation  of  water.  For  this  reason  HjOg  was  at  one  time  termed 
antozone  (H202  +  03=H20  +  202). 

It  IS  to  be  noted  that  in  all  these  cases  the  action  is  retarded  by  the 
presence  of  an  acid,  and  assisted  by  the  presence  of  a  free  alkali. 

Tests.  (1.)  It,  like  other  oxidizing  agents,  liberates  iodine  from 
potassic  iodide.  (H202  +  2KI=2KHO  +  l2.)  Delicacy:  1  part  in 
2o  millions.  Unlike  other  oxidizing  agents,  however,  it  is  capable  of 
effecting  this  liberation  in  the  presence  of  ferrous  sulphate. 
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(2.)  Added  to  a  solution  of  guaiacum  mixed  with  blood  corpuscles 
it  turns  it  of  a  blue  color.  (Schonbein.) 

(3.)  If  chromic  anhydride  (CrOa)  or  a  few  drops  of  potassic  bi- 
chromate acidulated  with  sulphuric  acid,  be  added  to  a  solution  of  hydric 
peroxide,  an  unstable  perchromic  oxide  is  first  formed,  CrgOs  being 
the  ultimate  product.  This  compound  (perchromic  acid)  is  of  a  blue 
color.  It  is  soluble  in  ether,  by  which  its  removal  from  the  solution 
may  be  effected.  This  constitutes  a  very  delicate  test  for  hydroxyl,  no 
other  known  substance  effecting  the  oxidation  of  chromic  to  perchromic 
acid. 

(4.)  Hydroxyl  may  be  estimated  (if  nitrites  and  organic  matter  be 
absent)  by  the  addition  of  a  standard  potassic  permanganate  solution 
to  an  acid  solution  of  the  peroxide  (2K  Mn04-1-3H2S04-|-H202= 
K2SO4  +  2MnS04+ 4H2O  +  3O2). 

Uses. — It  has  been  used  in  medicine  externally  as  a  lotion,  and  in- 
ternally for  diabetes  and  oxaluria.  It  constitutes  the  golden  hair  dye 
of  the  shops,  the  dyeing  action  being  in  reality  a  bleaching  (oxidizing) 
action.  It  is  also  used  for  bleaching  and  cleansing  oil  paintings  (con- 
verting PbS  into  PbS04)        stained  engravings. 

COMPOUNDS   OF  HYDROGEN  AND   THE  HALOID 

ELEMENTS. 

Hydrochloric  Acid  (HCl)  {Anhydrous). 

Molecular  iveight,  36*5.  Molecular  volume,  \  \  |.  Relative  weight 
18*25.  Specijic  gravity,  1'247.  Theoretic  specific  gravity  (18*25  x 
0-0693)=  1-264.  1  litre  weighs  18-25  critlis  (0-0896  x  18-25) 
1*635  grms.  and  100  cubic  inches  39-00  grains. 

Synonyms. — Spirit  of  Salts ;  Marine  acid ;  Muriatic  add ;  Chloride 
of  Hydrogen ;  Chlorhydric  acid. 

History. — Probably  known  to  Geber  in  the  eighth  century.  The 
process  of  obtaining  it  from  sulphuric  acid  and  salt  was  first  described 
by  Glauber.  Priestley  (1772)  was  the  first  who  obtained  it  as  a  gas. 
Its  real  nature  was  suspected  by  Scheele(1774),  but  it  was  believed  by 
BerthoUet  and  others  to  be  an  element,  until  Davy  (1810)  established 
the  truth  of  Scheele's  suspicions. 

Natural  History. — It  is  not  found  either  in  the  animal  or  in  the 
vegetable  kingdom.  It  is  found  in  the  gases  issuing  from  volcanoes, 
and  in  springs  and  rivers  in  their  vicinity.  It  is  found  in  the  air  over 
the  sea,  and  in  the  neighbourhood  of  alkali  works,  etc. 

Preparation. — (l.)  By  the  direct  combination  of  equal  volumes  of 
hydrogen  and  chlorine  by  heat,  light,  or  electricity.  Combination  does 
not  take  place  when  the  mixed  gases  are  kept  in  the  dark.  In  diffuse 
daylight  combination  is  slow,  whilst  in  sunlight  it  is  often  accompanied 
by  explosion. 
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(2.)  Bj  burning  hydrogen  in  chlorine. 
(3.)  By  the  action  of  dilute  sulphuric  acid  on  chlorides, 
(a.)  Prepared  by  this  method  in  the  laboratory  in  glass  retorts  at  a 
low  temperature  the  reaction  is  as  follows  : — 

H0SO4     +      NaCl      =        NaHS04         +  PICl. 
Sulphuric  acid  +  Sodic  chloride  =  Hydric  sodic  sulphate  +  Hydrochloric  acid. 
(/3.)  It  is  usually  prepared  for  commercial  purposes  in  iron  retorts 
at  a  high  temjwature,  when  the  following  reaction  occurs  with  the 
formation  of  the  normal  sulphate  :— 

H2SO4      +     2NaCl     =     NagSO^     +  2HC]. 
Sulphuric  acid  +  Sodic  chloride  =  Sodic  sulphate  +  Hydrochloric  acid. 
(Confer  Salt  Cake.) 

(4.)  By  passing  steam  and  chlorine  through  a  red-hot  porcelain  tube 
(2H20  +  2Cl„=4HCH-02). 

Properties— (a.)  Sensible  and  physiological.— K  colorless,  pungent- 
smelling  gas,  burning  in  the  air,  and  having  a  strong  acid  taste.  It 
IS  poisonous  to  animal  life  and  destructive  to  vegetation,  even  when 
diluted  with  25,000  parts  of  air. 

(i.)  PA?/S2ca;.— Specific  gravity  1-247  ;  100  cub.  in.  (at  60°  F.  and 
30  Bar.  Pr.)  weigh  39-00  grains,  and  1  litre  (0°  C.  and  760  mm.)  1-6352 
grm.    At  a  pressure  of  forty  atmospheres  at  50°  F.  (10°  C.)  it  forms  a 
colorless  liquid,  having  a  specific  gravity  of  1-27,  the  liquid  being 
less  refracting  than  water.     It  solidifies  at  a  cold  of  —177°  F. 
(—116°  C),  and  melts  at  —152-5°  F.  (—112-5°  C). 
The  gas  may  be  decomposed  by  electricity. 
^  (c.)  Chemical.— Its  composition  may  be   proved  synthetically  by 
dh-ect  combination,  and  analytically  by  heating  a  piece  of  sodium,  or 
agitating  some  sodium  amalgam  in  a  known  volume  of  the  gas,  and 
measuring   the  residual    gas    (hydrogen).     Hydrochloric  acid  gas 
reddens  litmus.    It  neither  supports  the  combustion  of  a  taper,  nor 
is  itself  combustible.    Sodium  and  potassium  burn  in  it.    It  acts  on 
the  metals,  evolving  hydrogen.    It  dissolves  bitumen.    It  fumes  in 
the  air  owing  to  its  aflinity  for  water,  which  absorbs  500  times  its 
bulk  at  32°  F.  (0°  C),  and  418  volumes  at  50°  F.  (10°  C).  The 
solution   of  the  gas  forms  the  ordinary  hydrochloric  acid  of  the 
laboratory.      One  volume  of  alcohol  (sp.  gr.  0-836)  absorbs  327 
volumes  of  the  gas. 

The  liquefied  hydrochloric  acid  (anhydrous)  dissolves  solid  litmus 
without  reddening  it,  and,  unlike  the  solution  of  the  gas,  is  without 
action  on  iron,  zinc,  or  lime,  and  even  upon  the  carbonates. 

Hydrochloric  Acid  {Solution). 

Preparation. — By  dissolving  the  gas  in  water. 
Properties.— (a.)  Physical.    The  liquid  is  colorless  if  pure,  but 
more  often  it  is  slightly  yellow.    It  fumes  in  the  air.    A  solution 


252 


HANDBOOK  OP  MODERN  CHEMISTRY. 


containing  tnore  tlian  20  per  cent,  of  HCl,  evolves  when  heated 
hydrochloric  acid  gas  ;  but  if  it  contains  less  than  20  per  cent.,  it 
then  merely  gives  off  water  until  it  becomes  a  20  per  cent,  solution. 
A  20  per  cent,  acid  (HCl.SHjO)  distils  unchanged  at  230°  F.  (110°  C), 
at  normal  pressure.  Different  strengths  of  acid,  however,  may  be 
obtained  at  varying  pressures.  The  lower  the  pressure,  the  greater 
the  percentage  of  HCl  remaining  in  the  residual  acid.  By  electrolysis 
it  may  be  split  up  into  its  constituent  gases. 

Its  specific 'gravity  varies  with  its  strength.  (See  Table  III.  in 
Appendix.)  The  fuming  acid  at  59°  F.  (15°  C.)  has  a  sp.  gr.  of 
1"21,  and  contains  43  per  cent,  of  HCl. 

(/3.)  Chemical.  A  weak  solution  of  the  acid  turns  blue  litmus  red. 
Its  action  on  the  metals  varies.  Some  metals  are  freely  dissolved  by 
the  cold  acid  with  the  evolution  of  hydrogen  (K,  Na,  Ba,  Fe,  Zn,  etc.); 
— others  are  only  acted  on  by  the  boiling  acid  (Su,  Cu)  ; — others  are 
only  slightly  acted  upon  (Sb,  Pb,  Ag,  Bi,  etc.) — whilst  some  are  per- 
fectly unaffected,  either  by  the  cold  or  by  the  boiling  acid  (Au,  Pt,  etc.). 
If,  however,  free  chlorine  be  present  in  the  acid  solution,  both  gold 
and  platinum  are  rapidly  dissolved  by  it.  On  the  metallic  oxides  it 
commonly  forms  water  with  a  chloride  of  the  metal  corresponding  to 
the  oxide  acted  upon  (FcgOs  +  6HC1  =  FeeClg  +  3H2O),  or  if  such 
compound  does  not  exist,  to  one  containing  less  chlorine  than  its  equi- 
valent oxygen  (PbOg  +  4HC1  =  PbClg  +  2H2O  +  Clg). 

Impukities. 

(1.)  Sul])hurous  acid;  derived  from  the  deoxidation  of  the  sulphuric 
acid,  either  by  the  organic  matter  of  the  salt,  or  by  the  metal  of  the 
still. 

j'gst. — The  evolution  of  sulphuretted  hydrogen  when  zinc  is  added 
to  the  acid. 

(2.)  Sulphuric  acid ;  known  by  a  soluble  baryta  salt  producing  a 
white  precipitate  of  BaS04  in  the  diluted  acid. 

(3.)  Free  chlorine,  which  imparts  a  greenish-yellow  tint  to  the  acid 
solution,  may  be  known  by  its  odor,  and  by  the  solution  dissolving  a 
little  piece  of  gold  leaf. 

(4.)  Iodine  and  bromine  are  sometimes  present,  derived  from  impuri- 
ties in  the  common  salt. 

(5.)  Arsenious  chloride,  derived  from  the  sulphuric  acid,  may  be 
known  by  the  acid  giving  a  yellow  precipitate  with  sulphuretted 
hydrogen. 

(6.)  Stannic  chloride  (mentioned  by  Gmelin)  will  be  thrown  down  as 
a  yellow  precipitate,  gradually  becoming  brown  on  passing  sulphuretted 
hydrogen  through  the  acid. 

{7  J  Plumbic  chloride  (Vogel)  may  be  present,  derived  from  the 
lead  in  the  sulphuric  acid,  as  well  as  possibly  from  other  sources. 
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(8.)  Ferric  chloride  (Rose  and  Graham)  may  be  recognised  by- 
neutralising  the  acid  with  sodic  carbonate  and  afterwards  adding 
tincture  of  galls  or  potassic  ferrocyanide.  With  the  former  a  violet, 
and  with  the  latter  a  blue  precipitate  will  be  obtained. 

(9.)  Other  salts  may  be  recognised  by  evaporating  the  acid  to  dryness, 
and  examining  the  residue. 

(10.)  Organic  matter.  This  is  often  the  cause  of  the  dark  color  of 
the  acid.  It  may  be  known  by  evaporating  the  acid  to  dryness,  and 
noting  whether  the  residue  becomes  charred  by  the  continued  appli- 
cation of  heat. 

Preparation  op  Pure  Hydrochloric  Acid. 

It  will  at  all  times  be  found  easier  to  make  a  pure  acid,  than  to 
■purify  a  bad  one.  The  following  method  is  recommended  : — Dilute 
one  part  of  good  sulphuric  acid  with  six  parts  of  water,  and  pass  a 
stream  of  well-washed  sulphuretted  hydrogen  through  it  for  some 
hours.  After  allowing  it  to  stand  undisturbed  for  five  or  six  days, 
so  that  any  precipitate  may  settle,  syphon  ofE  the  supernatant  acid, 
and  having  added  a  teaspoonful  of  common  salt,  concentrate  by  heat 
to  the  original  bulk. 

Fill  a  large  retort  half  full  of  good  salt,  and  add  to  it  the  sulphuric 
acid  thus  prepared.  The  retort  should  have  fitted  to  it  a  glass  tube, 
of  such  length  and  shape  that  it  may  pass  into  a  pint  bottle  half 
full  of  distilled  water,  the  end  of  the  tube  dipping  about  ^  of  an  inch 
under  the  water.  The  bottle  is  to  be  fitted  with  a  second  tube,  con- 
nected with  a  second  bottle  of  water,  so  that  any  acid*  vapors  that 
escape  from  the  water  of  the  first  bottle  may  be  absorbed  by  the 
water  of  the  second.  The  acid  thus  obtained  will  generally  be  found 
pure,  but  should  be  carefully  tested  before  using,  both  by  passing 
sulphuretted  hydrogen  through  it,  as  well  as  by  boiling  with  copper, 
the  purity  of  which  has  been  previously  proved  by  analysis. 

Characters  of  'pure  hydrochloric  acid  : — 

(1.)  The  absence  of  color  (freedom  from  organic  matter). 

(2.)  The  absence  of  residue  on  evaporation  to  dryness  (freedom 
from  metallic  salts,  etc.). 

(3.)  No  precipitate  on  the  addition  of  an  excess  of  ammonia  (free- 
dom from  iron). 

(4.)  No  precipitate  with  sulphuretted  hydrogen  (freedom  from 
arsenic,  and  from  sulphurous  acid). 

(5.)  No  precipitate  in  a  dilute  solution  with  baric  chloride  (freedom 
from  sulphuric  acid). 

Hydrobromic  Acid  (HBr)  (Anhydrous). 
Molecular  tveight,  81.    Molecular  volume,  \    \    |.    Specific  gravity,  2*75 
— 100  cubic  inches  iveigh  86-79  gi^ains. 
Synonym. — Ilydric  bromide. 
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History.— Discovered  by  Balard  in  1826. 

Preparation.— (1.)  By  the  direct  union  of  hydrogen  and  bromine 
vapor  :  such  as  by  burning  hydrogen  in  a  mixture  of  air  and  bromine 
vapor.  Also  by  combining  hydrogen  and  bromine  vapor  either  by 
means  of  electric  sparks,  or  by  contact  of  heated  platinum,  or  by  their 
passage  through  a  red-hot  tube  (Hg  +  Brg  =  2HBr). 

(2.)  By  heating  potassic  or  sodic  bromide  with  phosphoric  acid  :— 

3KBr        +      H3PO4      =        K3PO4        +  3HBr. 
Potassic  bromide  +  Phosphoric  acid  =  Potasaic  phosphate  +  Hydrobromic  acid. 
[N.B.— If  sulpburic  acid  be  used  instead  of  phosphoric  acid,  the  liberated  hydro- 
bromic  acid  both  decomposes,  and  is  decomposed  by,  the  sulphuric  acid,  sulphurous 
acid  and  bromine  being  liberated  (2HBr-l-H2S04  =  Brj+SOj+2HjO).] 

(3.)  By  distilling  together  bromine,  water  and  phosphorus.  The 
experiment  is  best  made  by  dropping  bromine  into  water  in  which  some 
amorphous  phosphorus  is  suspended.  (In  this  reaction  a  phosphorous 
tribromide  (PBrj)  is  first  formed.) 

6H2O  +   3Br2    +  =       6HBr         +  2H3PO3 

Water  +  Bromme  +  Phosphorus  =  Hydrobromic  acid  +  Phosphorous  add. 
(4.)  A  solution  of  the  gas  may  be  prepared — 
By  passing  sulphuretted  hydrogen  through  bromine  water— 

2H2S  +   2Br2  =        4HBr        +  So. 

Sulphuretted  hydrogen  +  Bromine  =  Hydrobromic  acid  +  Sulphur. 
Properties— (a.)  Sensible  and  physiological.    Hydrobromic  acid  is 
a  colorless,  pungent  and  acrid  gas.    It  is  irrespirable,  producing,  even 
when  very  dilute,  intense  pulmonic  irritation. 

(/3.)  Physical.  Specific  gravity  275.  It  is  not  decomposed  by  heat. 
It  may  be  condensed  at  —92-2°  F.  (—69°  C.)  to  a  liquid,  and  at 
— 121°  F.  ( — 85°  C.)  to  a  solid.  It  is  soluble  in  its  own  weight  of  water 
(see  below). 

(y.)  Chemical.  The  composition  of  the  gas  may  be  determined  by 
a  similar  method  to  that  described  in  the  case  of  HCl  (page  251). 
It  reddens  litmus.  It  neither  burns  nor  supports  combustion.  It 
fumes  in  moist  air  with  the  liberation  of  a  trace  of  bromine.  Most 
metals  are  acted  upon  by  it ;  thus  potassium  instantly  decomposes  it 
with  the  liberation  of  hydrogen.  Like  hydrochloric  acid  it  is  decom- 
posed by  metallic  peroxides,  and  also  by  high  oxygen  acids.  It  is  also 
decomposed  by  chlorine  (2HBr  +  CU  =  2HC1  +  Brg). 

Hydrobromic  Acid  iSohtion). 

The  acid  is  a  solution  of  the  gas  in  water.  A  saturated  solution 
has  a  specific  gravity  of  1-78.  The  solution  (HBr.SHoO)  containing 
48*17  of  HBr  has  a  specific  gravity  of  1-49  and  boils  at258-8°  F. 
(126°  C).  If  an  acid  contain  more  than  48  per  cent.,  when  heated  it 
parts  with  the  gas  until  it  becomes  a  48  per  cent,  solution,  whilst  if  it 
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contain  less  than  48  per  cent,  it  undergoes  concentration  till  it  reaches 
48  per  cent.  At  this  concentration  the  acid  may  be  distilled  without 
change.  It  fumes  when  exposed  to  the  air,  a  little  bromine  beinff 
liberated.  ° 

Hydriodic  Acid  (HI)  (Anhjdrous). 

Molecular  loeight,  128.  Specific  gravity  4-4.  Molecular  volume. 
100  cubic  inches  weigh  137-15  grains. 
Synonym. — Sydrk  iodide. 

History.— Discovered  by  Gay  Lussac  and  Davy  in  1814. 

Preparation— (N.B.  —  Note  similarity  in  the  preparation  of 
hydriodic  and  hydrobromic  acids.) 

(1.)  By  the  direct  union  of  hydrogen  and  iodine  vapor  during  their 
passage  over  spongy  platinum,  or  through  a  red-hot  tube  (Hg  +  I2  = 
2  HI). 

(2.)  By  heating  together  potassic  iodide  (or  any  other  iodide)  and 
phosphoric  acid.  (For  similar  reasons,  as  in  the  case  of  hydrobromic 
acid,  sulphuric  acid  cannot  be  used  in  this  reaction)  :— 

SKI       +      H3PO4      =       SHI       +  K3PO4 
Potafisic  iodide  +  Phosphoric  acid  =  Hydriodic  acid  +  Potassic  phosphate. 

(3.)  By  distilling  together  iodine,  water  and  phosphorus.  (In  this 
reaction  a  phosphorous  triiodide  (FI3)  is  first  formed)  :— 

6H2O+  3I2    +  =       6HI       +  2H3PO3 

Water  +  Iodine  +  Phosphorus  =  Hydriodic  acid  +  Phosphorous  acid. 
(4.)  By  heating  a  mixture  of  phosphorus,  iodine,  potassic  iodide 

and  water.    This  reaction  occurs  in  two  stages  :  

(a.)  Phosphoric  acid  and  hydriodic  acid  are  formed— 

8H2O  +   5I2    +  lOHI      +  2H3PO.. 

Water    +  Iodine  +  Phosphorus  =  Hydriodic  acid  +  Phosphoric  acid. 
(/3.)  The  potassic  iodide  is  then  acted  upon  by  the  phosphoric  acid 

whereby  a  further  quantity  of  HI  is  formed  :  

4KI       +     2H3PO,     =       4HI       *+  2K,HP0,. 
Potassic  iodide  +  Phosphoric  acid  =  Hydriodic  acid  +  Hydric  potassic  phosphate. 
(5.)  A  solution  of  the  gas  may  be  prepared  as  follows  :— 
By  passing  sulphuretted   hydrogen  through  iodine   suspended  in 
water — 

2H,S  +    21,    =        4HI         +  S,. 

Sulphuretted  hydrogen    +    Iodine  =     Hydriodic  acid  +  Sulphur. 
On  distillation  pure  hydriodic  acid  may  be  obtained. 
Properties— (a.)  Sensible  and  Physiological.    Hydriodic  acid  is  a 
colorless  gas,  having  a  strong  odor  and  taste.    It  is  quite  irrespirable. 

(/3.)  Physical.  Specific  gravity  4-4.  It  may  be  liquefied  by  a 
pressure  of  four  atmospheres  at  32°  F.  (0°  C).    By  a  cold  of  —60°  F. 


256 


HANDBOOK  OP  MODERN  CIIKMISTRY. 


( — 51°  C.)  it  solidifies  to  au  ice-like  mass.  It  is  decomposed  by  heat 
(a  hot  glass  rod  sufficing)  and  by  electricity.  It  is  very  soluble  in 
water. 

(y.)  Chemical.  Hydriodic  acid  reddens  litmus.  It  neither  burns 
nor  supports  combustion.  It  is  decomposed  by  chlorine,  by  bromine 
and  by  sulphurous  acid,  iodine  being  set  free  ((a.)  2Hl4-Cl2=2HCl 
+  l8;  4HI+S02=2H20  4-S4-2l2).     The  gas  fumes   in  air, 

atmospheric  oxygen  slowly  effecting  its  complete  decomposition 
(4HI-I- 02=21120  +  212).  For  this  reason  (viz.,  its  liability  to  part 
with  hydrogen)  hydriodic  acid  is  a  powerful  reducing  agent,  even  to 
the  conversion  of  sulphuric  acid  into  sulphuretted  hydrogen  (H2SO4  + 
8HI=H2S  +  4H20  +  4l2).  It  is  decomposed  by  most  metals,  hydrogen 
being  set  free  (2HI  +  2Hg  =  Hg2T2  +  H2).  With  most  oxides  and 
other  salts  it  forms  iodides  (AgCl4-HI=AgI  +  HCl). 

Hydriodic  Acid  (HI(H20)„)  {Solution). 

This  is  a  solution  of  the  gas  in  water.  Saturated  at  32°  F.  (0°  C), 
the  solution  has  a  specific  gravity  of  2.  The  strongest  solution 
obtained  by  distillation  (2HI,  llHgO)  has  a  specific  gravity  of  1-7, 
contains  57'7  per  cent,  of  HI,  and  distils  unchanged  at  261°  F.  (127°  C). 
It  dissolves  iodine.  The  clear  and  colorless  solution  is  decomposed  by 
atmospheric  oxygen,  iodine  being  deposited  in  fine  crystals  (iHI  +  Oo 
=21120  +  212).  The  reactions  of  the  gas  given  above  apply  equally 
to  its  reactions  in  solution. 

Hydrofluoric  Acid  (HF)  {Anhydrous). 

.Molectdar  loeight  {at  100°  C),  20.  \_At  77°  F.  (25°  C.)  the  molecidar 
weight  is  40  (H2F2).]  Molecidar  volume,  \  \  \.  Specific  gravity 
of  vapor,  0-693  ;  of  liquid  at  55°  F.  (12-8°  C),  0-987. 

Synonym. — Hydric  fluoride. 

History. — Discovered  by  Scheele  (1772).  Examined  by  Gay 
Lussac  and  Thenard  (1810),  Fremy  and  Gore  (1869). 

Preparation. — (l.)  By  the  action  of  hydrogen  on  dry  silver 
fluoride. 

(2.)  The  anhydrous  acid  may  be  prepared  by  heating  fused 
fluoride  of  hydrogen  and  potassium  (HF.KF),  in  a  platinum  retort,  and 
condensing  the  anhydrous  acid  which  distils  over  in  a  platinum  receiver 
surrounded  by  a  freezing  mixture. 

Properties. — («•)  Physical.  The  anhydrous  acid  is  a  colorless, 
fuming  liquid,  which  boils  at  about  65°  F.  (18*3°  C),  and  has  a  specific 
gravity  of  0-987  at  55°  F.  (12-8°  C.) .  It  does  not  solidify  at  —30°  F. 
( — 34*5°  C).  The  anhydrous  liquid  acid  is  said  neither  to  have  any 
action  on  glass  nor  on  the  metals,  excepting  upon  sodium  and  potassium. 
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which  dissolve  in  it,  evolving  hydrogen.  It  chars  organic  substances, 
burns  the  skin,  and  explodes  when  mixed  with  oil  of  turpentine, 
When  electrolysed  with  platinum  electrodes  hydrogen  is  evolved  at  the 
negative  pole,  and  a  fluoride  of  platinum  formed  at  the  positive  pole. 

Hydrofluoric  Acid  (HF(H20)n)  (Solution). 

This  consists  of  a  solution  of  the  anhydrous  acid  in  water,  with 
which  it  combines  with  intense  avidity. 

Preparation. — (l.)  By  heating  together  calcic  fluoride  and  sulphuric 
acid  in  a  lead  or  platinum  retort,  and  either  passing  the  gas  into  water, 
or  condensing  the  distillate  in  a  receiver  surrounded  by  a  freezing 
mixture  : — 

CaFo      +     H0SO4     =        2HF        +  CaS04 
Calcic  fluoride  +  Sulphmic  acid  =  Hydrofluoric  acid  +  Calcic  sulphate. 

Properties.— (a.)  Physical. — A  colorless,  strongly  corrosive  liquid. 
The  concentrated  acid  has  a  specific  gravity  of  1-060,  which  by 
sufficient  dilution  to  form  the  acid  HF,2H20,  rises  to  a  specific  gravity 
of  1-150,  but  decreases  on  further  dilution.  The  acid  HF,2H„0  boils 
at  248°  F.  (120°  C.j,  and  distils  unchanged. 

ifi.)  Chemical. — The  acid  solution  fumes  in  air  from  its  affinity  for 
water.  It  reddens  litmus.  It  acts  powerfully  on  all  organic  substances, 
explodes  when  mixed  with  turpentine,  and  dissolves  most  metals 
(except  Au,  Ft,  Ag,  Hg,  Pb,  and  Mg)  evolving  hydrogen  and  form- 
ing metallic  fluorides  (Fe  +  2HF=FeF2  +  H„).  It  dissolves  glass, 
forming  a  fluoride  of  silicon  (SiF^),  and  must  therefore  be  preserved  in 
gutta-percha  bottles  (8102  + 4HF=SiF4  + 2H2O).  [Gore  states  that 
perfectly  pure  and  dry  hydrofluoric  acid  has  no  action  on  glass.]  It  is 
not  decomposed  by  chlorine. 

Test.— Its  corrosive  action  on  glass. 

Hydrofluosilicic  Acid  (2HF,SiF4  or  HgSiFg). 

Synonym. — SiUcqfluoric  acid. 

Preparation.— By  the  action  of  water  on  silicic  fluoride  (3SiF4.+ 
4H20  =  Il4Si04+2H2SiF6). 

Properties. — The  solution  (in  which  condition  only  it  is  known)  is 
a  fuming  acid  liquid.  It  does  not  attack  glass.  When  heated,  silicic 
fluoride  is  evolved,  and  hydrofluoric  acid,  which  readily  dissolves  glass, 
remains  in  solution. 

Neutralised  with  bases,  a  fluosilicate  is  formed  (2KHO  +  2HF,SiF4= 
2H20  +  2KF,SiF4);  but  if  the  base  be  added  in  excess,  silica  is 
thrown  down,  and  a  metallic  fluoride  produced  (6KHO  +  2I-IF,SiF4= 
fflsO  +  SKF+SiOa).  The  baric  (BaSiFg)  and  potassic  fluo-silicates 
(KjSiFg)  are  very  insoluble. 
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General  Revieav  op  the  Compounds  of  Hydrogen  and  the 

Haloids. 

Constitution. — They  are  all  formed  by  the  combination  of 
1  volume  of  hydrogen  and  1  volume  of  the  haloid  element  without 
condensation. 

(2.)  Natural  History. — None  have  been  found  in  nature  in  a  free 
state,  except  hydrochloric  acid,  a  trace  of  which  has  been  recorded  in 
the  atmosphere  in  the  neighbourhood  of  volcanoes. 

(3.)  Preparation. — HCl  and  HF  are  prepared  by  the  action  of 
H2SO4  on  a  chloride  or  fluoride.  HBr  and  HI  are  prepared  by  the 
action  of  phosphorus  on  the  haloid  element  in  the  presence  of  water, 
a  teriodide  (PI3),  or  a  terbromide  (PBrg)  being  first  formed,  and  after- 
wards decomposed  by  the  water — 

¥ir,  +  '^H^O  =  3HBr  +  HsPO,. 

(4.)  Properties. — (a.)  Sensible  and  physiological. — They  are  all  color- 
less gases,  having  pungent  odors,  and  producing  excessive  irritation 
when  breathed.  (/3.)  Physical.  Their  specific  gravities  vary.  They 
may  all  be  condensed  by  cold  and  pressure,  and  decomposed  by  heat 
and  electricity.  They  are  all  soluble  in  water,  forming  the  liquid 
(or  rather  solution  of  the)  acid,  (y.)  Chemical.  They  are  all  acid  to 
litmus,  non-combustible  and  non-supporters  of  combustion,  decomposed 
by  nitric  acid,  attacked  by  metallic  peroxides,  and  capable  of  com- 
bination with  bases  to  form  salts. 


COMPOUNDS  OF  HYDROGEN  AND  NITROGEN. 

Theoretically  there  are  four  compounds  of  nitrogen  and  hydrogen, 
viz.  : — 

Imidogen  (Laurent)  ...       ...       ...  NH. 

Amidogen  (Kane  and  Dumas)       ...  NH^. 
Ammonia  (all  chemists)      ...        ...  NH3. 

Ammonium  (Berzelius)       ...       ...  NH4. 

Only  one  of  these  compounds,  however,  viz.,  ammonia,  has  been 
obtained  in  a  free  states 

Imidogen  (NH).— The  Imides. 

The  imaginary  radical  Imidogen  was  supposed  to  exist  in  certain 
conjugate  bodies,  termed  by  Laurent  *  The  Imides.'  They  are  not  a 
numerous  class,  and  are  obtained  by  the  action  of  heat  on  certain  acid 
salts  of  ammonia,  whereby  two  molecules  of  water  are  liberated. 
Thus  CioHiiOgjNH  represents  camphor  imide,  and  is  formed  by  ab- 
stracting two  molecules  of  water  from  the  bicamphorate  of  ammonia 
(NH,HCioH,,OJ. 
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Amidogen  (NH2).— The  Amides. 

Amidogen  is  regarded  as  the  radical  of  a  compound,  where  one 
hydrogen  atom  of  ammonia  has  been  replaced  by  a  metal  or  by  a 
compound  radical.  Thus,  if  potassium  be  heated  in  dry  ammonia 
gas,  hydi-ogen  is  liberated,  and  potassic  amide  KHgN  is  formed  ;  or 
if  ammonic  oxalate  [(NH^)2C204]  be  heated,  two  water  molecules 
are  evolved,  and  oxamide  (NH2)2  C2O2  is  left. 

Two  views  have  been  entertained  as  to  the  constitution  of  the 
amides.  Some  regard  them  (1)  as  compounds  of  amidogen  (NHj)  with 
a  metal  or  compound  radical,  and  others  (2)  as  an  ammonia,  where 
a  metal  or  a  compound  group  has  been  substituted  for  a  hydrogen 
atom. 

Ammonia,  NH3. 


Molecular  weight,  17.  Molecular  vohme,  )  (  |.  Relative  weight,  8*5, 
Specific  gravity  of  the  gas,  0-59,  and  of  the  liquid,  0-623.  Melting 
point  of  liqxdd,  —103°  F.  (—75°  C).  Boiling  point,  —37°  F. 
( — 38°  C).  1  litre  of  gas  iveighs  0-761  grm.,  and  100  cubic  inches, 
18-21  grains. 

Synonyms. —  Volatile  Alkali ;  Spirit  of  Urine;  Spirit  of  Hartshorn; 
Alkaline  Air  (Priestley). 

History- — Mentioned  by  Pliny.  Sal  ammoniac  was  first  obtained 
in  Libya,  near  the  temple  of  Jupiter  Ammon.  It  was  first  described 
accurately  by  Black  (1756),  and  afterwards  experimented  upon  by 
Priestley  (1790).    Its  composition  was  determined  by  Berthollet. 

Natural  History. — It  is  found  (a)  in  the  mineral  kingdom  in  air 
(about  1  in  28  million  volumes),  in  water  and  in  the  soil  ;  and  (/3)  in 
the  organic  kingdoms  in  various  secretions,  such  as  urine,  etc. 

Preparation. — (l.)  By  the  direct  union  of  hydrogen  and  nitrogen 

by  silent  electrical  discharges  (Donkin). 

(2.)  By  the  action  of  nascent  hydrogen  on  nitrogen  ;  as,  e.  g. — 

(a.)  By  decomposing  water  containing  air  in  solution,  either  by  a 

battery  or  with  certain  metals,  such  as  iron,  zinc,  etc. 

[Iron  in  rusting  decomposes  the  moisture  of  the  air,  the  free  hydrogen  of  which 
comhines  with  atmospheric  nitrogen.  Hence  in  all  rust  a  certain  amount  of  ammonia 
is  to  be  found.] 

(/3-)  By  liberating  hydrogen  in  the  presence  of  nitrates  or  of  nitric 
or  nitrous  acids  (HNO3  +  4H2  =  NHg  +  SHgO)  by  such  means  as  the 
following  : — 

(i.)  By  acting  on  a  solution  of  a  nitrate  with  metallic  aluminium 
and  caustic  soda.  (Schultze.) 

(ii.)  By  acting  on  a  solution  of  a  nitrate  with  zinc  and  hydrochloric 
acid  or  dilute  sulphuric  acid. 

(iii.)  If  nitric  oxide  be  passed  over  a  mixture  of  lime  and  potassic 
hydrate,  calcic  and  potassic  nitrates  are  formed  together  with  ammonia. 

s  2 
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Similarly,  if  nitric  oxide  and  hydrogen  be  passed  over  warm  platinised 
asl)estos,  Avater  and  ammonia  are  formed. 

(3.)  By  the  decomposition  of  organic  matters  containing  nitrogen. 

This  may  be — 

(a.)  Spontaneous,  as  when  organic  matter  decays  ;  or 

(/3.)  The  result  of  destructive  distillation ;  as  e.g.,  by  heating  horn, 

coal,  etc.,  in  closed  retorts.    Thus,  most  of  the  commercial  salts  of 

ammonia  are  derived  from  the  ammoniacal  liquor  produced  during  the 

distillation  of  coal. 

[Note, — The  nitrogen  of  all  nitrogenised  bodies  (provided  it  be  not  present  as  a 

nitrate  or  cyanide)  is  evolved  as  ammonia  when  heated  with  the  hydrated  alkalies.] 

(4.)   By  acting  on  ammoniacal  salts  vrith  an  alkali  or  alkaline 

2NH4CI       +  CaO  =       CaClo      +  2NH3    +  H2O. 
Ammonic  chloride  +  Lime  =  Calcic  chloride  +  Ammonia  +  "Water. 

Properties. — («•)   Sensible   and  physiological.    A  colorless  gas, 
having  a  pungent  odor,  and  an  acrid  taste.    When  the  concentrated 
gas  is  inhaled  it  is  poisonous,  but  when  dilute  its  action  is  stimulating. 
(/3.)  Physical,  The  specific  gravity  of  ammonia  gas  is  0"o9. 
By  a  cold  of  — 40°  F.  (  — 40°  C),  or  by  a  pressure  of  6  atmospheres 
at  50°  F.(10°  C),  or  of  8-5  atmospheres  at  68°  F.  (20°  C),  the  gas  may 
be  condensed  into  a  clear,  mobile,  highly  refractive  liquid,  Avhich 
has  a  sp.  gr.  of  0-623,  and  boils  at  —37°  F.  ( —38°  C).  The 
liquid  ammonia  may  be  prepared  by  heating  the  argentic  or  the 
calcic  ammonio-chloride  in  a  sealed  and  bent  tube.    It  dissolves 
sulphur,  phosphorus,  iodine,  and  the  alkaline  metals,  forming  with 
these  last  a  blue  solution,  from  which  the  metal  may  be  deposited 
unchanged  when  the  ammonia  is  evaporated.    At  a  cold  of  — 103°  F. 
( — 75°  C),  the  liquid  ammonia  freezes  to  an  ice-like  solid,  having  a 
greater  specific  gravity  than  the  liquid. 

In  "  Carre's  ice-making  apparatus  "  liquid  ammonia  is  first  formed  in 
a  strong  iron  vessel.  This,  on  again  assuming  a  vaporous  form, 
absorbs  sufficient  heat  to  freeze  the  water  with  which  the  liquid 
ammonia  is  surrounded. 

Ammonia  gas  may  be  decomposed  either  by  electric  sparks  or  by 
passing  it  through  a  red-hot  porcelain  tube.  In  each  case  the  volume 
of  gas  formed  is  double  the  original  volume  operated  on.  Ammonia 
gas  is  very  readily  absorbed  by  clay  and  peaty  soils,  by  most  porous 
bodies,  by  water  (more  freely  indeed  than  any  other  gas),  and  by 
alcohol.  No  definite  combination  of  water  and  ammonia  is  known 
to  occur,  the  absorption  being  a  mere  physical  act  of  solution. 

(y.)  Chemical.  The  composition  of  ammonia  may  be  demonstrated 
by  decomposing  by  electric  sparks  a  given  volume  of  the  gas  con- 
tained in  a  eudiometer  over  mercury,  adding  to  the  measured  pro- 
ducts an  excess  of  oxygen,  and  exploding.    (Page  42.) 

Ammonia  has  an  alkaline  reaction  ;  turmeric  is  turned  brown 
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by  it,  and  red  litmus  blue,  but  the  changes  are  not  permanent  (volatile 
alkali).  It  is  not  a  supporter  of  combustion,  and  is  very  feebly 
combustible,  burning  under  favorable  conditions  (such  as  when  mixed 
with  oxygen,  or  by  its  combustion  in  heated  air),  with  a  greenish- 
yellow  flame,  water  and  free  nitrogen  being  the  products. 

Actw7i  of  Oxi/gen.— When  3  to  4  parts  of  ammonia  gas  are  mixed 
with  1  part  of  oxygen  it  explodes,  water,  nitrogen,  and  traces  of  nitric 
acid  being  formed.  If  ozonized  air  be  mixed  with  ammonia  gas,  white 
clouds  of  ammonic  nitrite  are  formed,  from  the  ammonia  becoming 
oxidised  to  nitrous  acid  (4NH3  +  SOg  =  2(NH4,N02)  +  2H2O). 
This  oxidation  of  ammonia  may  also  be  effected  by  a  hot  platinum 
wire  introduced  into  a  mixture  of  the  gas  and  air.  In  the  presence 
of  a  strong  base,  the  oxidation  of  ammonia  to  nitric  acid  and  its  sub- 
sequent combination  with  the  base,  constitutes  the  process  termed 
nitrification  (2NH3  +  KgO  +  4O2  =  2KNO3  +  3H2O). 

When  passed  over  red-hot  carbon,  ammonic  cyanide  together  with 
free  hydrogen  are  formed  (2NH3  +  C  =  ]SrH4CN4-Hg). 

Action  of  the  haloids.— Ammoma.  is  decomposed  by  the  haloid  elements 
(8NH3  +  3Cl2  =  6NH4Cl-l-N2).  If  the  chlorine  or  iodine  be  in  excess, 
explosive  compounds  (NCI3  or  NI3)  are  formed.  With  acids,  ammonia 
forms  salts.  Thus  when  the  volatile  hydrochloric  acid  is  brought 
near  ammonia,  white  fumes  of  ammonic  chloride  are  produced,  a 
reaction  constituting  a  test  for  the  presence  of  the  alkali.  The  alkalies 
have  no  action  upon  it. 

Action  on  metallic  salts.— Ammoma,  combines  with  various  metallic 
salts.    At  times  they  apparently  take  the  place  of  the  water  of  crystal- 
lisation, although  the  analogy  is  not  necessarily  complete,  so  far  as 
relationship  between  the  number  of  the  molecules  is  concerned.  Thus, 
cupric  sulphate  has  the  formula  CuSO^.SHoO,  and  ammoniated  cupric 
sulphate  the  formula  CuS04,4H3N,H20.    Hence  ammonia  frequently 
a^ts  on  metallic  salts  differently  to  potassic  or  sodic  hydrate,    (a.)  If 
the  ammonia  be  in  insufficient  quantity  to  neutralise  the  acid,  a  basic 
salt  may  be  precipitated  (4CuS0,  +  6H3N  +  THgO  =  3(H4N)2S04  + 
^^ubU„3CuO,4H20);  (/3,)  if  it  be  added  in  excess  a  precipitate  may 
be  tormed  either  of  the  hydrated    metallic   oxide,   together  with 
pFpT'^S^'Ax         (2Fe23SO,  +  I2H3N  +  QH^O  =  6(H,N)2SO,+ 
J^  eaUg^UaU),  or  of  a  combination  of  ammonia  with  the  precipitated 
Zh%  (H4N)20,2U203],  or  of  a  double 

hat        N-""^*^^  ^^'^  ammonium,  as  e.g.,  the  ammonic-magnesic-phos- 
P  a  e  CH4N)2Mg2P208,12H20),  or  of  various  ammoniated  salts,  such 
as  the  ammoniated  cupric  sulphate,  or  of  various  substitution  products 
wnere  one  or  more  atoms  of  hydrogen  are  replaced  by  a  metal  or  by 
an  electro-positive  radical.    Thus  :— 
Sodic  amide  (NHgNa). 
Ethylic  amide,  NH2(C2H5). 
Acetamide  Nir2(CaH30). 
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Solution  of  Ammonia  (Liquor  Ammonias,  Spirits  of  Hartshorn). 
— Tliis  is  a  solution  of  the  gas  in  water.  Great  heat  is  evolved  during 
absorption. 

At  32°  F.  0°  C.  water  absorbs  1050  vols,  of  NHj. 
At  59°  F.  15°  C.    „       „        727    „    „  „ 
At  77°  F.  25°  C.    „       „         586     „     „  „ 

The  gas  is  evolved  at  ordinary  temperatures.  When  these  solutions 
are  boiled,  the  whole  of  the  ammonia  is  evolved.  Nearly  all  the  gas 
escapes  by  diffusion  on  exposing  the  solution  to  air,  a  quantity  of  heat 
being  absorbed  during  its  liberation  equal  to  that  which  was  given 
out  during  its  formation. 

The  specific  gravity  of  the  solution  of  ammonia  varies  with  its 
strength.    (See  Table  IV.  in  Appendix.) 

Ammonia  solution  is  a  colorless,  alkaline  liquid  ;  it  has  a  very 
caustic  taste,  and  blisters  the  skin.  The  solution  dissolves  many  salts 
(as  AgCl)  and  oxides  (CuO,ZnO,Ag20)  that  are  insoluble  in  water. 

If  the  solution  be  pure,  it  should  on  evaporation  leave  no  residue. 

The  imjmrities  of  a  solution  of  ammonia  are — 

(a.)  Carbonic  acid. — Test :  White  precipitate  with  lime  water. 

(/3.)  Chlorine. — Test :  White  precipitate  on  adding  argentic  nitrate 
to  the  solution  neiitralised  with  nitric  acid. 

(y.)  Sulphuric  Acid.  —  Test :  White  precipitate  on  adding  baric 
nitrate  to  a  solution  neutralised  with  nitric  acid. 

Lime. — Test:  White  precipitate  with  ammonic  oxalate. 

(e.)  Lead  or  copper  (derived  from  the  apparatus,  or  from  the  solution 
having  been  kept  in  a  glass  bottle  containing  lead). — Test:  Brown  or 
black  precipitate  with  sulphuretted  hydrogen. 

Estimation  of  Ammonia. — As  ammonic  platinic  chloride  (2NH4  CI, 
PtClJ.  This  double  salt  is  almost  insoluble  in  water  and  quite  in- 
soluble in  alcohol  or  ether. 

Ammonium  (NH^). 

This  compound  monad  radical  (often  written  Am^  has  never  been 
isolated.  Its  possible  existence  and  metallic  nature  have  been  inferred 
by  the  close  relationship  of  the  ammonium  salts  to  those  of  sodium 
and  potassium,  and  also  by  the  production  of  an  amalgam  having  the 
metallic  lustre  of  ordinary  amalgams,  under  circumstances  where  its 
formation  is  theoretically  possible.  This  amalgam  rapidly  decomposes 
into  mercury,  ammonia  and  hydrogen. 

The  amalgam  may  be  prepared  as  follows  : — 

(1.)  By  placing  a  globule  of  mercury,  connected  with  the  negative 
pole  of  a  battery,  on  a  piece  of  moistened  sal  ammoniac  (NH4CI) 
(placed  on  a  piece  of  platinum  foil)  connected  with  the  positive 
pole. 
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(2.)  By  pouring  a  little  potassic  or  sodic  amalgam  into  a  saturated 

solution  of  sal-ammoniac  ;  under  these  circumstances,  the  amalgam 

rapidly  swells  u^j,  potassic  or  sodic  chloride  being  formed  at  the  same 
time. 


Compound  of  Nitrogen,  Hydrogen  and  Oxygen. 
Hydroxylamine  (NH3O). 

History. — Discovered  by  Lessen. 

Preparation.— By  the  direct  union  of  nascent  hydrogen  and  nitric 
oxide  (2NO-l-3H2=2NH30),  or  by  the  action  of  nascent  hydrogen  on 
nitric  or  nitrous  acids  (HN03  +  3H2=NH30  +  2H20). 

Properties. — It  is  only  knovrn  in  solution,  which  is  very  alkaline. 
It  acts  as  a  powerful  reducing  agent.  On  distillation  ammonia  is 
evolved. 

COMPOUNDS  OF  HYDROGEN  WITH  PHOSPHORUS. 

1.  Gaseous  2:)hosphoretted  hydrogen    ...  PH3. 

2.  Liquid  2)liosphoretted  hydrogen     . . .    PHg  or  PgH^. 

S.  Solid  phosphor etted  hydrogen   PgH  or  P^Hg  (?). 

Gaseous  Phosphoretted  Hydrogen  (PH3). 

Molecular  weight,  34.    Molecular  volume,  \~T~\-    Specijic  gravity,  1-19. 

Synonyms—J' hosphine  or  Phosphamine  (from  its  analogy  to  am- 
monia) ;  Phosphorous  Trihydride. 

History.— Discovered  by  Guigembre  (1783),  whilst  distilling  potash 
with  spirit  that  had  been  used  for  anatomical  preparations.  It  was 
afterwards  studied  by  Davy  (1812),  who  devised  other  methods  for  its 
preparation  ;  also  by  Dumas,  Rose,  etc. 

Natural  History.— Evolved  during  the  decomposition  of  phos- 
phorised  organic  bodies  (odor  of  fish). 

Preparation.— (1.)  By  heating  phosphorous  or  hypophosphorous 
acids:  — 

(a.)     4H3PO3        =  PH3  +  3H3PO,. 

rnosphorous  acid     =    Phosphoretted  hydrogen    +    Phosphoric  acid. 

m^^'^l"^^'       =  PH3  +  H3PO, 

Jiypophosphoroua  acid  =   Phosphoretted  hydi-ogen    +    Phosphoric  acid. 

(2.)  By  boiling  phosphorus  in  a  strong  solution  of  an  alkali  or  of  an 
alkaline  earth  : — 

3KH0    +  _^  3jj^Q  _  3KH2PO2    +  PH3. 

hydrate  ^J^osptorus    +    Water    =    Sodic  hypo-    +  Phosphoretted 

phospiaite  hydrogen. 
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[N.B. — (a.)  Free  hydrogen  is  also  evolved  by  the  action  of  an  excess  of  free  alkali 
on  the  hypophosphite,  a  phosphate  being  formed  as  well  as  the  liquid  PH^. 

(/3.)  If  alcoliol  be  used  instead  of  water  the  non-inflammable  form  is  generated,] 

(3.)  By  decomposing  calcic  phosphide  (prepared  by  passing  phos- 
phorus vapor  over  red-hot  lime)  with  water  (Ca3P2-H6H„0=2PH3-|- 
SCaHgOg).  • 

(4.)  By  the  action  either  of  water  or  of  potassic  hydrate  on  phos- 
phoric hydro-iodide  (PH3.HI) : — 

(a.)  PH3.HI=HI-fPH3. 
(/3.)  PH3.HI  +  KHO=PH3  +  KI-l-H20. 
[N.B.— This  PH3  is  not  inflammable.] 

(5.)  Possibly  PH3  is  produced  in  very  small  quantities  by  the  action 
of  nascent  hydrogen  on  phosphorus. 

Properties. — («•)  Sensible  and  physical. — A  colorless,  stinking  gas, 
specific  gravity  1*19.  It  may  be  liquefied  by  pressure,  and  is  decom- 
posed by  heat  and  electricity.  Water  absorbs  from  one-fourth  to  one- 
fiftieth  of  its  volume,  according  to  the  temperature. 

(/3.)  Chemical. — Its  constitution  may  be  determined  by  passing 
electric  sparks  through  a  known  volume  of  the  gas,  using  carbon 
electrodes  for  the  purpose.  It  will  be  found  that  2  volumes  of  PH3 
yield  3  volumes  of  hydrogen.  From,  say,  the  weight  of  2  litres  of 
PH3,  deduct  the  weight  of  3  litres  of  H,  the  remainder  will  be  the 
weight  of  \  litre  of  phosphorus  vapour.  In  other  words  \  volume  of 
phosphorus  vapor  combines  with  3  volumes  of  hydrogen  to  form  2 
volumes  of  PH3. 

Although  in  constitution  PH,  would  appear  to  be  analogous  to 
ammonia,  it  has  no  alkaline  reaction,  but  is,  on  the  contrary,  feebly 
acid  to  blue  litmus.  Nevertheless  its  relationship  to  ammonia  is 
more  than  theoretical,  as  is  shown  by  its  combining  with  certain 
acids,  such  as  hydriodic  and  hydrobromic  acids,  forming  with  them 
the  crystalline  compounds  phosphoric  hydro-iodide  (PH3.HI)  and  phoS' 
phoric  hydro-bromide  (PHg.HBr).  With  hydrochloric  acid,  its  union 
may  also  be  effected  by  cold  and  pressure  (PH3.HCI).  All  of 
these  compounds  are  decomposed  by  water.  As  ordinarily  pre- 
pared, PH3  is  spontaneously  inflammable  ;  but  this  is  not  the  case 
with  the  pure  gas.  This  spontaneous  inflammability  depends  on  the 
presence  of  a  trace  of  the  vapor  of  Uqvid  phosphoretted  hydrogen 
(PHg)  one  part  of  which  in  500  of  PH3  is  sufficient  to  confer  this 
property  upon  it.  (1.)  The  pure  non-inflammable  gas  may  be  rendered 
inflammable  (a,)  by  mixing  it  with  a  little  PHg  vapor  ;  or  (/3,)  by 
bubbling  it  through  nitric  acid  containing  nitrous  acid  in  solution, 
•j-^i^^th  part  of  its  bulk  of  nitrous  anhydride  being  sufficient  for  this 
purpose ;  or  (y,)  by  its  admixture  with  hydrogen,  carbonic  oxide,  or 
other  combustible  gas.  (2.)  The  spontaneously  inflairmable  gas  may 
be  rendered  non-inflammable  (a,)  by  passing   it  over  charcoal ;  or 
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(/3,)  by  exposing  it  to  sunlight,  or  (y,)  by  pcassing  it  through  hydro- 
chloric acid  ;  in  which  latter  cases  (/3  and  y)  the  liquid  phosphoretted 
hydrogen  is  decomposed  into  solid  and  gaseous  phosphoretted  hydro- 
gen (5PH2=P2H  +  3PH3);  or  (^,)  by  exposing  the  gas  to  a  freezing 
mixture,  whereby  the  vapor  of  the  liquid  phosphoretted  hydrogen  is 
condensed,  or  lastly  (e,)  by  mixing  it  with  certain  vapors,  such  as 
those  of  ether,  turpentine,  alcohol,  etc.     When  the  impure  gas  is 
ignited,  it  produces  wreaths  of  white  smoke,  due  to  the  formation  of 
phosphoric  anhydride.    The  gas  burns  in  oxygen,  yielding  water  and 
metaphosphoric  acid  (HPO3),  and  explodes  when  mixed  with  oxygen. 
The  haloids,  sulphurous  acid,  and  some  of  the  metals  decompose  it 
(PH3  4-4Cl2=PCl5  +  3HCl).     With  iodine,  phosphoric  hydro-iodide 
(phosphoric  iodide)  (PH3HI)  is  formed  (2PH3  +  3I=PH3HI-1-2HI). 
This  body, which  is  a  powerful  reducing  agent,  may  also  be  prepared  with 
due  precautions  by  the  action  of  iodine  on  phosphorus  in  the  presence 
of  water.    Phosphoretted  hydrogen  is  decomposed  when  passed  into 
most  metallic  solutions,  phosphides  of  the  metals  being  precipitated 
(3CuS04  +  2PH3=3H2S04-|-P2Cu3).    In  the  case  of  gold  and  silver 
salts,  the  metals  are  reduced,  phosphoric  acid  remaining  in  solution 
(8AgN03-FPH3+4H20=H3P04-f-8HN03  +  4Ag2). 

Liquid  Phosphoretted  Hydrogen,  P2Ht=66. 

Molecular  volume,  |    j  \. 

Preparation. — By  passing  phosphoretted  hydrogen,  prepared  by 
the  action  of  water  on  calcic  phosphide,  through  "a  freezing  mixture. 

Properties.— A  light  yellow  hquid,  boiling  at  95°  F.  (32°  C),  not 
solidifying  at  —4°  F.  (—20°  C),  very  inflammable,  and  decomposed 
by  sunlight  or  by  contact  with  hydrochloric  acid  into  solid  and  gaseous 
phosphoretted  hydrogen.  It  fires  on  exposure  to  air.  The  presence 
of  this  body  in  gaseous  phosphoretted  hydrogen  confers  upon  it  the 
property  of  spontaneous  inflammability.  (Thenard.) 

Solid  Phosphoretted  Hydrogen,  P4H2  (?)  =126  (?). 

Preparation. — By  the  action  of  sunlight  or  of  hydrochloric  acid 
on  liquid  phosphoretted  hydrogen,  or  by  the  action  of  hydrochloric 
acid  on  calcic  phosphide. 

Properties.— A  yellow  soHd,  firing  at  302°  F.  (150°  C),  insoluble 

in  water  and  in  alcohol,  but  soluble  in  a  solution  of  potassic  hydrate, 

gaseous  phosphoretted  hydrogen  being  evolved. 

There  is  some  doubt  as  to  the  composition  and  constitution  of  this 
body. 
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COMPOUNDS  OF  HYDROGEN  AND  SULPHUR. 

Sulphuretted  hydrogen    HgS. 

Persulphuretted  hydrogen   H2S2  (?). 

Hyposulphurous  hydrosulphate    HgSg. 

Sulphuretted  Hydrogen,  HgS. 

Molecular  tueight,  34.  Molecular  volume,  ~\  Relative  weight,  \1, 
Specific  gravity,  (0'0693  x  17)M78.  1  litre  weighs  (0-0896x17) 
1-523  grin,  and  100  cubic  inches  36-43  grains. 

Synonyms. — Bihydric  sulphide;  Hepatic  air;  Hydrogen  mono- 
sidphide;  Svlphidic  acid ;  Hydrosulphuric  acid. 

History.— Discovered  by  Scheele  (1777). 

Natural  History. — (a.)  In  the  mineral  kingdom,  sulphuretted 
hydrogen  is  found  in  the  gases  issuing  from  volcanoes,  and  often  to 
the  extent  of  25  per  cent. 

It  is  found  in  certain  mineral  waters,  as,  e.g.,  in  those  of  Harrogate, 
Aix-la-Chapelle,  etc.,  and  in  sea-water  near  the  mouths  of  rivers. 
The  water  on  the  west  coast  of  Africa  is  stated  to  contain  6  cubic 
inches  of  sulphuretted  hydrogen  per  gallon,  the  smell  of  the  gas  being 
recognisable  27  miles  out  at  sea.  In  these  cases  the  conditions  neces- 
sary for  its  formation  are  the  presence  both  of  organic  matter  and  of 
sulphates,  the  former  being  oxidized  by  the  oxygen  of  the  latter, 
until  a  sulphide  is  formed  (CaS04  —  O4  =  CaS).  When  this  sulphide 
is  acted  on  by  the  carbonic  acid  in  the  water,  sulphuretted  hydrogen 
is  set  free  (CaS  +  HoO  +  COj  =  CaCO.,  +  H„S).  The  unpleasant 
taste  of  many  aerated  waters  is  due  to  their  having  been  manufactured 
with  water  containing  organic  matter  and  sulphates,  whereby  a 
sulphide  is  formed,  which  is  decomposed  by  the  carbonic  acid  present 
in  large  excess. 

Its  presence  in  sewer-gas  results  from  the  putrefaction  of  organic 
matters  containing  sulphur,  as  well  as  the  process  already  de- 
scribed. In  the  neighbourhood  of  sulphate  of  ammonia  works,  it 
may  often  be  detected  in  the  air  ;  for  in  distilling  coal  (as  well  as  in 
the  destructive  distillation  of  all  organic  matters  containing  sulphur) 
large  quantities  of  the  gas  are  generated,  which,  combining  with  the 
ammonia^  collect  in  the  ammoniacal  liquor.  Large  quantities  of 
HgS  are  also  evolved  in  the  final  part  of  the  process  of  tar  distillation. 
It  may  be  worth  noting  here  that  if  present  in  a  room,  it  may  be 
entirely  removed  by  setting  free  a  trace  of  chlorine. 

(/3.)  In  the  vegetable  kingdom  it  is  unknown,  whilst  (y)  in  the  animal 
kingdom  it  is  found  in  intestinal  flatus. 

Preparation. — (1-)  By  the  direct  union  of  hydrogen  and  sulphur  ; 
(a.)  By  heating  together  sulphur  and  hydrogen  ;  or  (/3,)  by  passing 
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hydrogen  into  boiling  sulphur  ;  or  (y,)  by  burning  hydrogen  in 
sulphur  vapor  or  sulphur  vapor  in  hydrogen ;  or  (^,)  by  pouring  boiling 
sulphur  into  watei",  or  by  passing  steam  and  sulphur  vapor  through  a 
tube  filled  with  red-hot  pumice-stone,  SOg  find  HgS  being  formed 
(2H20-f-3S=2HoS  +  S02).  The  SOg  and  H^S,  in  the  presence  of 
moisture,  efiect  mutual  decomposition  (lOSO'g  +  lOHgS  =  SHgO  + 
2H2S5O6  +  5S0). 

(2.)  By  decomposing  a  metallic  sulphide  with  an  acid  ;  e.g.  : — 
(ct.)  Dilute  sulphuric  acid  on  ferrous  sulphide.    (In  this  case  the 
products  usually  contain  a  little  free  hydrogen  from  the  presence  of 
metallic  iron  in  the  sulphide) — 

H2SO,      +        FeS         =       FeSO^      +  H^S. 
Sulphuric  acid  +  Ferrous  sulphide  =  Ferrous  sulphate  +  Sulphiu-etted  hydrogen. 

(/3.)  Dilute  hydrochloric  acid  on  antimonious  sulphide.  (In  this 
case  the  products  are  free  from  hydrogen j — 

6HC1      +  SbjSa         =         2SbCl3  '      +  SKS. 

Hydrochloric  +  Antimonious  sulphide  =  Antimonious  chloride  +  Sulphiu-etted 
^^^^  hydrogen. 
(3.)  By  heating  sulphur  in  the  presence  of  certain  organic  bodies 
(as  paraffin). 

(4.)  By  the  putrefactive  decomposition  of  organic  bodies  containing 
sulphur. 

Properties.— (a.)  Sensible  and  physiological.  Sulphuretted  hydrogen 
is  a  colorless  gas,  having  the  odor  of  rotten  eggs.  Physiologically, 
it  acts  as  a  narcotic  and  is  very  poisonous  ;  1  part  in  1,500  will  kill 
birds  ;  1  in  1,000,  dogs  ;  1  in  250,  horses.    (Dupuytren  and  Thenard.) 

(/3.)  Physical.  Its  specific  gravity  is  M78.  100  cubic  inches  weigh 
36-43  grains,  and  1  litre  1  -523  grms.  By  a  pressure  of  seventeen  atmo- 
spheres at  50" F.  (10°  C),  or  by  a  cold  of  —101°  F.  (-74°  C),  it  may  be 

condensed  into  a  colorless  liquid,  which  boils  at  — 79-6°  F.  (  62°  C  ) 

and  freezes  at  — 122-8° F.  (-86°  C).  It  is  decomposed  by  a  heat 
of  752°  F.  (400°  C).  Water  freely  absorbs  it.  At  32°  F.  (0°  C.)  it 
dissolves  4-37  times  its  bulk  of  the  gas  ;  at  59°  F.  (15°  C),  3-23  volumes, 
and  at  75°  F.  (24°  C.)  2-66  volumes.  The  gas  is  evolved  from  its  solu- 
tion on  boiling,  and  is  oxidised  with  separation  of  sulphur  by  keeping. 

(7.)  Chemical.  Its  composition  may  be  determined  by  heating  a 
known  volume  of  the  gas  with  metallic  tin  or  other  metal  that  com- 
bmes  with  the  sulphur.  It  will  be  found  that  the  liberated  hydrogen 
occupies  the  same  volume  as  the  original  gas. 

Sulphuretted  hydrogen  reddens  litmus  feebly.  It  is  a  com- 
bustible gas.  If  the  supply  of  air  be  free,  water,  sulphurous  acid, 
together  with  a  little  sulphuric  acid  if  the  air  be  moist,  are  formed. 
If  the  supply  of  air  be  limited,  sulphur  will  be  deposited.  It  will  be 
noted,  therefore,  that  any  sulphuretted  hydrogen  evolved  during  manu- 
facturing operations  should  theoretically  be  removed  by  passing  the 
gas  through  the  furnace. 
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Mixed  with  oxygen  in  the  proportion  of  1  volume  of  HgS  to  1-5  of  O, 
it  explodes  on  the  application  of  heat.  By  the  action  of  chlorine', 
bromine,  and  iodine,  sulphuretted  hydrogen  is  immediately  decom- 
posed, the  haloid  element  appropriating  the  hydrogen,  sulphur  being 
hberated  (SH2  +  Cl2=2HCl  + S).  With  chlorine  and  bromine  this 
action  takes  place  without  the  presence  of  moisture,  but  in  the  case  of 
iodine  moisture  is  essential.  Oxy -acids  (such  as  nitric,  sulphuric, 
etc.)  decompose  it,  setting  free  sulphur  (H2SO4  +  HgS  =  SO2 + 
2H2O  +  S).  With  fuming  nitric  acid,  oxidation  results  with  explo- 
sive violence.  It  is  absorbed  by  the  alkalies,  forming  sulphides  (as 
KgS),  solutions  of  which,  on  being  further  treated  with  sulphuretted 
hydrogen,  form  sulphydrates  (hydrosulphides)  (K„S  +  H2S=2K:HS). 
(Action  of  SO2,  see  pages  179  and  267.) 

Certain  metals  decompose  the  gas,  displacing  hydrogen,  a  metallic 
sulphide  being  formed.  This  occurs  in  some  cases  at  ordinary  tempera- 
tures {a^  e.g.,  in  the  case  of  Hg,  Ag,  etc.),  (Hg2  +  H2S=Hg2S  +  H2). 
Thus,  silver  is  blackened  by  exposure  to  the  air  of  towns,  a  silver 
spoon  by  the  sulphur  of  an  egg,  and  silver  coins  by  being  kept 
with  sulphur  matches  in  the  pocket.  [The  black  sulphide  thus 
formed  may  be  removed  by  strong  ammonia  or  by  potassic  cyanide.]  In 
other  cases,  heat  is  required  to  effect  combination  (as  e.g.,  with  K, 
Sn,  etc.): — 

(a.)  2H2S  +  K2=2KHS  +  H2.  (/3.)  H2S  +  Sn=SnS  +  H2. 
In  this  latter  case  it  will  be  remarked  that  the  volume  of  hydrogen 
evolved  is  identical  with  the  volume  of  sulphuretted  hydrogen 
operated  upon.  Metallic  oxides  are  changed  by  the  action  of  the  gas 
into  their  corresponding  sulphides,  the  sulphuretted  hydrogen  being 
decomposed  and  water  formed  (PbO  +  H2S=PbS  +  H20).  A  similar 
action  is  observed  in  the  case  of  the  metallic  salts  (Pb(N03)2  +  H2S= 
2HN0..,  +  PbS).  Thus,  the  lead  used  for  paint  becomes  black, 
although  the  black  sulphide  (PbS)  formed  is,  under  the  influence 
of  air  and  light,  converted  into  the  white  sulphate  (PbS04).  The 
colors  of  the  various  sulphides  produced  when  the  gas  is  passed 
through  metallic  solutions  are,  in  many  cases,  very  characteristic,  and 
constitute  important  tests.  Some  are  soluble  in  water :  others  are  soluble 
in  weak  acids,  but  insoluble  in  alkaline  solutions  ;  others  again  are 
insoluble  in  weak  acids.    Thus  we  differentiate  the  sulphides  : — 

Metallic  Sulphide.  Metals. 
fl.)  Insoluble  in  weak  acids   ..    ..     Precipitated  by  HjS  in  acid  solution  of  salts. 
(2.)  Soluble  in  weak  acids,  but  in-  •>  Precipitated  by  an  alkaline  sulphide,  or  by 

soluble  in  alkalies  /     HjS  in  neutral  or  alkaline  solution. 

(3.)  Soluble  in  water    Not  precipitated  by  HjS  either  in  an  acid  or 

alkaline  solution. 

On  metallic  chlorides  the  action  of  the  gas  is  similar  to  that  on 
the  oxides. 

The  solution  of  sulphtiretted  hydrogen  has  a  feebly  acid  reaction.  It 
rapidly  decomposes    and  becomes  turbid,  from  atmospheric  oxygen 
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combining  with  the  hydrogen,  whereby  sulphur  (the  olectro-neo-ative 
variety)  is  precipitated  as  a  white  deposit.  It  is  better,  therefo1-e  to 
make  the  solution  with  a  water  either  that  has  been  well  boiled,  or 
has  been  previously  saturated  with  the  gas. 

Uses.  — In  the  laboratory,  as  a  test  for  the  metals. 

Tests. — Blackens  lead  paper. 

Persulphuretted  Hydrogen  (HsSgC?)). 

Molecular  weight  66  (?).    SjJeciJic  gravity,  1-769. 

^T^OIL-:jm^.—Persulphide  of  hydrogen;  Hydric  permlphide  ;  Dihydric 
disulphide  ;  Hydrosulphyl  (Frankland). 

History.-Discovered  by  Scheele  (1777).    Its  properties  were  fully 
investigated  by  Berthollet.  ^ 

Preparation.— Lime  and  milk  of  sulphur  are  first  boiled  to-ether 
whereby  a  disulphide  of  calcium  is  formed  (CaS,).    This  solution  is 
then  dropped  into  dilute  hydrochloric  acid  (1  of  acid  to  2  of  water)  •- 
CaS,      +         2HCI         =  H,S,  +    CaCl  ' 

.S^e  =  +  cal£ 

[N0TE.-Persulphuretted  hydrogen  is  more  stable  in  contact  with 
acids  than  with  alkalies.    Hence,  if  the  acid  be  poured  into  the  calcic 
disulphide  solution,  a  different,  reaction  results  from  that  given  above 
sulphur  be.ng  precipitated  (sulphur  pr^cipitata,  P.B.)    CaS,  +  2HC; 
—  UaUig  +  xi^o  4-  S.J 

Properties.— (a.)  Sensible  and  physiological— A  yellowish  oily  liquid 
having  a  sulphuretted  hydrogen  odor.    Specific  gravity,  1-769     It  is 
a  very  unstable  body,  undergoing  decomposition  by  slight  h;at  into 
su  phuretted  hydrogen  and  sulphur.    It  is  neither  soluble  in  water 
ch  oroform,  nor  benzol,  but  is  soluble  in  ether  and  bisulphide  of  carbon. 

)  a.m«c«Z.-Persulphuretted  hydrogen  is  inflammable,  and  burns 
^  th  a  blue  flame     Some  question  exists  as  to  its  precise  composition, 

below)  It  is,  however,  generally  regarded  as  a  sulphide  of  hydrogen 
(BS,)  analogous  to  hydroxyl  (H,0,).  Further  it  is  closely  allied  to 
tl,0,  in  certain  of  its  reactions.  Thus,  it  bleaches  litmus.  The  pre- 
ence  of  acids  increase,  whilst  alkalies  decrease  its  stability.  It  dis- 
solves  free  sulphur,  and  is  decomposed,  like  hydroxyl,  by  the  mere 
contact  of  certain  metals  and  metallic  peroxides.    (Odiin.)  ft 

Lthuretl^dTt"'         r""'  ^Sers  from 

sulphuretted  hydrogen,  m  that  sulphurous  acid  is  without  action  upon  it. 

Hyposulphurous  Hydrosulphate  (H^Sg). 

Preparation.-By  the  action  of  sulphuric  acid  and  afterwards  of 
water  on  the  compound  formed  when  an  alcoholic  solution  of  yellow 
ammon.c  sulphide  is  added  to  a  cold  alcoholic  solution  of  str/chnia. 
(bee  above.) 
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Seleniuretted  Hydrogen  (HgSe). 

Molecular  weight,  81-5.    Molemlar  volume,  \    \    |.    Specific  gravity,  2-8. 

Synonyms. — Selenetted  hydrogen ;  Hydroselenic  acid ;  Dihydric  sele- 
nide ;  Selenhydnc  acid. 

History. — Discovered  by  Berzelius. 

Preparation. — (l.)  By  passing  hydrogen  and  selenium  vapor 
through  red-hot  tubes. 

(2.)  By  the  action  of  acids  on  selenides  : — 

FeSe  +  2HC1  =  H^Se  +  FeCl^. 
Ferrous  +  Hydrochloric  =  Seleniuretted  +  Fen-oua 
selenide  acid  hydrogen  chloride. 

Properties. — («.)  Sensible,  j^hysical,  and  physiological. — A  colorless, 
oSensive-smelling  gas,  producing  great  irritation  and  violent  nasal 
catarrh.  It  is  decomposed  by  heat  into  selenium  and  hydrogen,  de- 
composition beginning  at  302°  F.  (150°  C),  the  intensity  of  action 
increasing  to  518°  F.  (270°  C).  From  this  point  it  decreases  until 
968°  F.  (520°  C.)  is  reached,  when  the  action  ceases,  re-commencing  at 
a  still  higher  temperature.    Specific  gravity,  2*8.    Soluble  in  water. 

(/3.)  Chemical.  Burns  in  air,  yielding  SeOg  and  HgO.  Its  solution 
in  water  is  feebly  acid.  When  exposed  to  the  air  it  absorbs  oxygen, 
depositing  selenium.  Its  reactions  are  closely  allied  to  those  of  sul- 
phuretted hydrogen,  precipitating  in  many  cases  metallic  selenides 
Avhen  passed  through  solutions  of  metallic  salts.  The  alkaline  sele- 
nides are  soluble.  The  selenides  of  zinc  and  manganese  are  colored, 
but  the  rest  are  black. 

Telluretted  Hydrogen  (H2Te=i27). 

Preparation. — By  the  action  of  dilute  hydrochloric  acid  on  zinc  or 
on  other  tellurides  (ZnTe  +  2HCl  =  HgTe  +  ZnClg). 

Properties. — A  colorless,  foetid  gas.  The  action  of  heat  upon  it  is 
similar  to  that  upon  seleniuretted  hydrogen  (q.  v.).  It  burns  in  air, 
yielding  TeOg  and  HgO. 

COMPOUNDS  OF  CARBON  AND  HYDROGEN. 

These  compounds,  generically  termed  hydrocarbons,  belong  chiefly, 
if  not  entirely,  to  organic  chemistry.  Three  of  these  compounds  will 
be  described  here,  viz.,  marsh  gas,  CH^,  olefiant  gas,  CgH^,  and 
acetylene,  CgHj.  These  three  bodies  are,  moreover,  the  starting-points 
of  three  series  of  hydrocarbons,  the  members  of  which,  as  in  the  case 
of  other  hydrocarbon  series,  increase  by  a  regular  increment  of,  or  some 
multiple  of  CHg,  such  series  being  termed  an  homologous  series. 
Thus— 
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Marsh  Gas  Sei-ies. 

(CH,)„+H,. 
Methane  (marsh  gas)  CH^ 

Ethane  C^H^ 

Propane  CsHj 

Etc. 


Olefiant  Gas  Series. 

(CH,)„. 
Ethylene  (olef ,  gas)  CjH^ 
Propylene    . ,     . .  CjHg 
Butylene       .    ..  C,H, 
Etc. 


Acetylene  Series. 

(ciJT-  EJ,. 

Acetylene  ..  ..  CjHj 

AUylene    ..  ..  C3H, 

Crotonjlene  ..  C^Hg 
Etc. 


Methane,  or  Light  Carburetted  Hydrogen,  CH^. 

Molecular  loeight,  16.  Molecular  volume,  \~~\~\.  Specific  gravity, 
observed  0-5576;  estimated  (0-0693x8)  0-554.  1  litre  weighs 
(0-0896  ^m.  X  8)  0-7l68^m.,  and  100  cubic  incites,  17-lU  grains. 

Synonyms— Marsh  gas  ;  Methane;  Methylic  hydride  (CH3H);  Sub- 
carburetted  hydrogen  ;  Heavy  inflammable  air ;  Firedamp;  Pit  gas. 
History. — First  examined  by  Volta  (1778). 

Natural  History —Found  in  stagnant  ditches,  i.  e.,  wherever 
vegetable  matter  is  decomposing  out  of  contact  with  air,  but  in  the 
presence  of  moisture  (hence  termed  "  marsh  gas  ").  It  occurs  occluded 
in  coal,  100  grains  of  which  will  at  times  yield  200  c.c.  of  a  gas 
containing  nearly  90  per  cent,  of  marsh  gas,  the  remaining  10  per 
cent,  consisting  of  nitrogen,  oxygen,  and  carbonic  acid.  It  is  also 
found  occluded  in  meteorites  (Dewar  and  Ansdell),  and  is  evolved  from 
the  earth  in  many  volcanic  districts. 

Preparation— (1,)  By  the  decomposition  of  moist  organic  matter 
out  of  contact  with  air, 

(2.)  By  the  dry  distillation  of  coal. 

[Probably  CH,  and  CO,  were  the  two  gases  formed  when  the  hydrogen  and  oxygen 
were  separated  from  the  wood  dm-ing  conversion  into  coal.] 

hySate^-^'^*'''^  ""''"^       ''''  ^'^^  '^^^'^  P°*^^^^« 

KC,H30,     +        KHO        =        K„CO,        +  CH, 
Potassxc  acetate    +    Potassic  hydrate    =    Potassic  carbonate    +  Methane. 
(4.)  By  passing  a  mixture  of  carbonic  disulphide  vapor  with  either 
(a)  sulphuretted  hydrogen,  or  (/3)  steam  over  red-hot  copper  1 
(a.)  +       2H,S      +    4Cu    =    4CuS    +  CH 

Carbonic    +    Sulphuretted    +    Copper    =     CunnV    1  m\L 
disulphide  hydrogen     ^  sS^Be 

m  CS2   +  2H2O    +   6Cu    =     CH,    +   2Cu  S  4-  9n  n 

diXtde^  +  =    MethaL  :  t  O^^i 

.  ^  .  sulphide  copper. 

(,0.;  ijy  the  action  of  water  on  zinc  methide  :— 

Zn(CH3)2      +    2H2O   =     2CH^     +       ZnO  TT 

Zinc  methide       +     Water     -      M.Ti.         T      .^  ^2^2- 
-n  ^  ~     Methane     +     Zincic  hydrate. 

(.b  j       the  action  of  nascent  hydrogen  on  chloroform  (CHCL)  or 

on  chloride  of  carbon  (CCl,),  or  on  iodoform  (CHI,),  etc.:- 
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CHCI3       +        3H2       =       CH4       +  3HC1. 

Chloroform     +     Hydrogen     =     Methane     +     Hydrochloric  acid. 

Properties. — («•)  Sensible  and  physiological. — A  colorless,  odorless, 
tasteless  gas.    It  has  no  injurious  or  toxic  action  on  the  body. 

(/3.)  Physical. — Specific  gravity,  0*o576.  It  possesses  great  powers 
of  diffusion.  It  may,  although  with  diflSculty,  be  completely  decora- 
posed  by  heat  and  electricity,  carbon  being  deposited,  the  volume 
of  hydrogen  evolved  being  double  the  volume  of  the  original  gas. 
(Page  42).  Passed  through  a  red-hot  tube,  hydrogen,  ethylene, 
acetylene,  and  ethylic  hydride  are  formed.  100  volumes  of  water 
at  32°  F.  (0°  C.)  absorb  about  o"4  volumes  of  the  gas. 

(y.)  Chemical. — CH4  is  a  very  inert  gas,  and  constitutes  the  first 
member  of  the  paraffin  series  (panm  and  affinitatis).  It  has  no  action 
on  turmeric  or  litmus.  It  contains  more  hydrogen  than  any  other 
compound  of  carbon  and  hydrogen.  It  burns  with  a  pale  illuminating 
flame,  a  Avhite  heat  or  actual  flame  being  required  for  its  ignition, 
carbonic  anhydride  and  water  constituting,  if  the  supply  of  air  be  free, 
the  products  of  its  combustion,  acetylene  and  other  bodies  being 
formed  if  the  supply  be  limited.  Exploded  with  twice  its  volume  of 
oxygen,  carbonic  anhydride  and  water  result,  whilst  when  the  volume 
of  oxygen  is  one  and  a-half  times  that  of  the  methane,  carbonic  oxide 
and  water  are  formed.  It  explodes  even  when  mixed  in  the  proportion 
of  1  volume  of  methane  to  17  of  air,  the  energy  of  the  explosion 
increasing  until  the  methane  constitutes  one-seventh  part  of  the 
total  volume. 

Action  of  the  Haloids. — Iodine  and  bromine,  are  without  action  upon 
CH4.  Chlorine  does  not  combine  with  it  in  the  dark,  whilst  in 
sunlight  union  is  intensely  energetic,  forming,  in  the  presence  of 
moisture,  carbonic  anhydride  and  hydrochloric  acid  (CH4-i-4Cl2  + 
2H2O  =  CO2  +  8HCI).  If  the  chlorine  be  present  in  great  excess, 
substitution  of  chlorine  for  the  hydrogen  may  be  effected,  carbon 
tetrachloride,  CCI4,  or  such  lower  derivatives  such  as  CHCI3,  etc., 
being  formed. 

Neither  sulphur,  phosphorus,  acids  nor  alkalies,  have  any  action 
upon  it. 

Ethylene  or  Heavy  Carburetted  Hydrogen,  C2H4. 

Molecular  weight,  28.    Molecular  volume,  |    |    |.       Specific  gravity, 
observed  0-978 ;  estimated  (0-0693x14)  0-9702.    1  litre  weighs 
(0-0896  grm.  x  14)  1-254  grm.,  and  100  cubic  inches,  30-00  grains. 
Synonyms. — Olefiant  gas   (Dutch    chemists)  ;   Ethylene  ;  Elayl 
(Berzelius) ;  Etherene  (Faraday)  ;  Etherin. 

History.— Discovered  by  the  Associated  Dutch  Chemists  (1795). 
Afterwards  studied  by  Berthollet. 

Natural  History. — Present  to  the  extent  of  1  to  6  per  cent,  in  fire- 
damp. 
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Preparation— (1.)  By  the  dry  distillation  of  coal  and  other 
organic  bodies  (resins,  fats,  oils,  etc.). 

(2.)  By  the  action  of  sulphuric  acid  (or  other  dehydrating  agents, 
such^as  boric  anhydride)  on  alcohol  at  a  temperature  of  about  329°  F.' 
(165°  C).    This  action  occurs  in  two  stages  : — 

(a.)  Sulphovinic  acid  is  first  formed — 

C^HsCeO)  +       H,SO,       =     (C,H,)USO,     +  U,0. 

Alcohol       +     Sulphuric  acid     =      Sulphovinic  acid      +  Water. 
(/3.)  The  sulphovinic  acid  is  afterwards  decomposed  by  heat  into 
ethylene  and  sulphuric  acid — 

(C,H,)HSO,     =     C,H,      +  H,SO,. 
Sulphovimc  acid     =     Ethylene      +     Sulphuric  acid. 
(3.)  By  the  action  of  nascent  hydrogen  on  acetylene  (C2H2  +  H2= 

[i\0TE.-Acetylene,  C,H„  is  the  only  hydrocarhon  that  can  be  prepared  directly 
from  Its  elements.    From  it  ethylene,  and  from  ethylene,  alcohol  may  be  formed  ] 

(4  )  By  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on 
ethyl  chloride,  bromide,  or  iodide  : — 

C^H^Br     +    KHO   =     C^H,     +         KBr         +  HO 
Ethyl  bromide    +    Potassic    =    Ethylene    +    Potaesic  bromide-   +  Wa'ter". 

Properties— (a.)  Sensible.  .  A  colorless,  odorless  gas,  having  an 
an£esthetic  action.  ^ 

m  Physical.    Specific  gravity  0-978.    It  may  be  liquefied  by  cold 

and  pressure  at —166°  F  (  110°  P^  /Tro^„^    \     tx  •  n 

bv«  rp,1  1.0  f      11      1      .  (Faraday).    It  is  decomposed 

by  a  red  heat  and  by  electric  sparks.    If  the  heat  be  not  too  great 

temlrTt!  "     "^"r^"  ^^^^  +  H,)  ;  at  a  hlghe; 

ueposited  (C2H,  =  CH4-HC),  whilst  at  a  still  higher  temperature  it 
undergoes  complete  decomposition  (CH  -C  4-  2H  \ 

resulting.        '  ^       " ''^^^  +  2 H^O),  water  and  carbonic  anhydride 

>viflf  oZr  ''f        "^""^''^^  P^^^r      combine  directly 

lyLt:  .::'^^^^^^^^  P-ticulany  with  thehalold  elements  and  their 

vohimt^flltlf  ?f  "^'^^                    ^-^^  -^^^  its 

S    Mild       r- .       P''^*'  hydrochloric  acid  being  formed. 

%  1 1  1   "           °T  «^^-i-         -Po-d  t  diffuse 

ettne     Ethvl"  "  f ,  """^^'^  ^^'^^^^^  C,H,C1,  (Dichlor- 

o  at      b     .  (12  C),  and  boils  at  183-2°  F.  (84°  C).    The  fact  of 
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the  formation  of  tliis  body  gives  the  name  '*  Olefiant  Gas."  (y.) 
When  the  gas  is  mixed  with  a  larger  proportion  of  chlorine,  and 
exposed  to  sunlight,  the  product  CgOlg  may  be  formed.  Bromine,  but 
not  iodine,  forms  products  of  a  similar  kind.  An  Ethylene  iodide, 
CjH^Ig  may  be  produced  by  passing  ethylene  into  a  mixture  of  iodine 
and  absolute  alcohol. 

Phosphorus  and  sulphur  have  no  action  upon  it. 

Fuming  sulphuric  acid,  or  sulphuric  anhydride,  absorbs  it,  forming 
C2H4,2S03  (ethyl-sulphuric  acid).  Mixed  with  an  alkaline  solution 
of  potassic  permanganate,  carbonic,  formic,  and  oxalic  acids  are  pro- 
duced. 

Acetylene,  C^Hj. 

Molecular  weight,  26.    Molecular  volume,  \    \    |.     Specific  gravity  ob- 


served, 0-92  ;  estimated,  0*900.  1  litre  weighs  (0-0896  grm.  x  13) 
1'164  gi-m.  and  100  cubic  inches  27'859  grains. 

Synonyms. — Ethine ;  Klumene. 

Preparation. — (1.)  By  the  direct  combination  of  carbon  with 
hydrogen  ;  as,  e.g.,  by  the  combustion  of  the  carbon  poles  from  a 
powerful  battery  in  an  atmosphere  of  hydrogen. 

(2.)  By  the  incomplete  combustion  of  bodies  containing  carbon  and 
hydrogen,  such  e.g.,  as  methane,  vapor  of  alcohol,  etc.,  by  passing  them 
through  a  tube  heated  to  redness.  Also  by  burning  coal  gas  in  an 
insufficient  supply  of  air,  etc. 

(8.)  By  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on 
ethylene  bromide  (bromethylene)  : — 

CjHjBr      +    KHO   =     C^Hj     +    KBr     +  H^O. 
Bromethylene    +    Potassic    =    Acetylene    +    Potassic    +  Water, 
hydrate  bromide. 

(4.)  By  the  electrolysis  of  fumaric  acid  (C2H2(COOH)2=  CsHj-H 

2COJ-I-H2).  .  . 

(5.)  By  passing  a  mixture  of  methane  and  carbonic  oxide  through 
a  red-hot  tube  (CH^  +  CO  =  CaHj  +  YL^O ). 

Properties. — («•)  Sensible.  A  colorless  gas,  having  a  geranium 
odor.    It  is  very  poisonous. 

(/3.)  Physical.  Specific  gravity  0-92.  It  is  decomposed  by  an 
intense  heat  (such  as  electric  sparks)  with  the  separation  of  carbon. 
By  the  action  upon  it  of  a  continuous  red  heat,  benzene  (CgHe)  has 
been  formed,  together  with  a  liquid  hydro-carbon  called  styrole 
(CflHa),  which  hitherto  had  only  been  obtained  from  storax.  Acetylene 
is  the  most  stable  of  all  carbon  compounds.  It  is  soluble  in  water,  the 
solution  answering  to  the  tests. 

(y.)  Chemical.— It  burns  with  a  smoky  flame,  1  volume  of  gas  con- 
suming 2-5  volumes  of  oxygen,  and  forming  2  volumes  of  COg.  Mixed 
with  chlorine  and  exposed  to  difiuse  daylight,  it  explodes  spontane- 
ously, with  the  separation  of  carbon  (CjHa  +  CL  =  C2  +  2HCI).  It 
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combines  with  bromine  to  form  acetylene  dibromide  or  tetra-bromide 
(CsHgBrj,  and  CigHgBr^).  It  unites  with  hydriodic  and  hydrobromic 
acids,  forming  substitution  products  of  the  saturated  hydrocarbons 
(CoHg  +  2HI  =  0311412).  When  electric  sparks  are  passed  through 
a  mixture  of  nitrogen  and  acetylene,  hydrocyanic  acid  is  formed 
(CgHg  +  Nj  =  2CHN).  Oxidizing  agents,  such  as  potassic  perman 
ganate,  convert  it  into  oxalic  acid.  It  is  absorbed  by  sulphuric  acid, 
with  the  production  of  vinyl-sulphuric  acid  (02H2,H2S04).  It  com- 
bines directly  with  nascent  hydrogen  to  form  olefiant  gas  (OgHg 
+  Ho  =  C2H4). 

Tests.— (a.)  With  cuprous  chloride  acetylene  forms  hydrochloric  acid 
and  a  red  explosive  precipitate  of  cuproso-vinyl  oxide  [cuprous  acety- 
lide  or  cuproso-vinylic  ether],  (2OU2OI2  +  2O2H2  +  HjO  =  4H01  + 
C2H2,Cii20).  This  body  is  supposed  to  have  caused  explosions  in 
brass  and  copper  pipes  used  for  gas,  as  it  explodes  when  dry  at 
248°  F.  (120°  0.).  It  is  immediately  decomposed  by  hydrochloric 
acid,  acetylene  being  set  free  (CsHg.OugO  +  iHCl  =  2CugOl2-|-H20-H 
2O2H2). 

(^.)  Acetylene  gives  a  white  explosive  precipitate  with  argentic 
nitrate,  insoluble  in  ammonia  or  in  nitric  acid. 

Coal  Gas. 

Three  classes  of  products  are  formed  by  the  dry  distillation  of 
coal — gas,  water,  and  tar,  the  relative  proportions  of  each  depending 
much  on  the  temperature  to  which  the  coal  is  subjected.  Coal  gas  is 
a  compound  gas,  consisting  of  illuminants,  diluents  and  impurities. 
The  illuminants  are  olefiant  gas  (O2H4),  analogous  hydrocarbons 
(OgHg,  O4H8,  etc.),  and  hydrocarbon  vapors,  such  as  the  vapor  of 
benzol.  The  diluents  are  hydrogen,  marsh  gas,  and  carbonic  oxide. 
The  impurities  are  carbonic  anhydride,  sulphuretted  hydrogen,  and 
other  sulphur  compounds. 

The  following  table  from  Roscoe,  represents  the  composition  of 
coal  gas,  prepared  respectively  from  cannel  and  from  common  coal. 
In  estimating  the  illuminating  power  of  a  gas,  we  compare  the  light 
given  by  the  gas  burning  from  a  24-hole  argand,  at  5  feet  per  hour, 
with  a  sperm  candle  burning  at  the  rate  of  120  grains. 


1-  a  0  0  0 

Composition  in  100  volumes. 

Illuminating 
compared  to 
candle  burnit 
grains  per  hoi 
gas  burning  6 
feet. 

Hydro- 
gen, 
H. 

Marsh 
gas, 
CH4. 

Carbonic 
oxide, 
CO. 

Heavy 
Hydro- 
carbons 
(CHJn. 

Equal  to 
Olefiant 
gas, 
CaHj,. 

Nitrogen, 
Oxygen, 

and 
Carbonio 

acid. 

Cannel  gas    , .    . . 

34-4 

26-82 

61-20 

7-85 

13-00 

r22-08) 

2-07 

13-0 

47-60 

41-63 

7.82 

3-06 

(8-97) 

T  2 
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Tlie  gas  ia  purified  by  condensation  and  by  absorption. 

(1.)  By  condensation  (refrigerators)  tho  solid  and  liquid  impurities, 
such  as  naphthalene,  water,  tar,  etc.,  are  removed. 

(2.)  By  absorption  (lime  and  oxide  of  iron  purifiers).  By  the 
former,  the  carbonic  acid,  the  presence  of  1  per  cent,  of  which  is  said 
to  decrease  the  light  6  per  cent.,  is  removed;  and  by  the  latter,  the 
sulphur  present  as  sulphuretted  hydrogen,  and  to  a  certain  extent  in 
other  forms. 

Flame. 

Flame  results  from  the  combination  of  two  gases  under  the 
influence  of  heat.  A  gas  to  burn,  therefore,  is  one  essential 
condition  of  flame.  Hence  a  diamond  cannot  burn  with  flame, 
because  it  cannot  be  volatilized.  Further  it  is  essential  that  the 
temperature  necessary  to  effect  the  union  of  the  gases  concerned 
in  the  action  should  be  maintained.  Hence,  a  mass  of  cold  metal 
introduced  into  a  flame  may  be  made  to  extinguish  it. 

The  terms  "  combustible  "  and  "  sujiporter  of  combustion  "  are,  how- 
ever, merely  conventional,  inasmuch  as  air  may  be  made  to  burn  in 
coal  gas. 

The  temperature  at  which  this  combination  of  different  gases  (i.  e., 
combustion)  occurs,  varies  with  different  gases.  Thus,  phosphoretted 
hydrogen  ignites  at  ordinary  temperatures,  carbon  disulpTude  vapor  at 
419°  F.  (215°  C),  whilst  marsh  gas  needs  a  temperature  little  short  of 
actual  flame  to  effect  ignition. 

Combustion  may  proceed  both  (a)  without  jlame,  as  instanced  by  a 
smouldering  taper,  or  by  the  action  of  a  hot  platinum  wire  on 
mixed  air  and  coal  gas  j  and  (/3)  with  flame,  as  in  the  ordinary  cases 
of  combustion. 

The  products  of  the  quick  and  slow  combustion  of  the  same  body 
vary.  The  rapid  combustion  of  alcohol  (C2H5HO)  yields  HgO  and  CO2  ; 
whilst  its  sloio  combustion  yields  aldehyde  (C2H4O). 

An  ordinary  flame  burning  in  air,  is  an  envelope  dividing  the  com- 
bustible gas  within  the  flame  from  the  supporter  of  the  combustion 
without.    It  consists  of  several  parts  : — 

(1.)  A  dark  inner  cone  of  unburnt  gas.    This  is  surrounded  by — 

(2.)  A  luminous  cone  of  partly  burnt  gas.  It  is  in  this  cone  that 
the  carbon  is  separated  and  dense  hydrocarbons  formed.  This  occurs 
as  follows  : — The  air  present  is  insuflSicient  to  burn  both  the  hydrogen 
and  the  carbon  of  tho  hydrocarbon  ;  consequently,  the  hydrogen 
having  a  greater  affinity  for  oxygen  than  the  carbon,  combines  with 
it,  and  tho  carbon  is  set  free,  which,  becoming  ignited  and  incandescent 
in  the  burning  hydrogen,  renders  the  flame  luminous.  This  luminous 
cone  is  surrounded  by — 

(3.)  A  non-luminous,  but  intensely  hot  cone  of  completely-burnt 
gas. 
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(4.)  At  the  bottom  part  of  tlie  flame  is  a  portion  where  the  com- 
bustion is  complete.  At  this  point  the  division  into  the  cones 
described,  is  not  apparent. 

In  a  blow-pipe  flame  a  free  supply  of  air  is  effected  within  the  flame. 
Thus,  the  carbon  of  the  hydrocarbon  is  burnt  as  well  as  the  hydrogen. 
A  blow-pipe  flame  consists  of  two  parts,  each  part  having  a  different 
chemical  power,  (a.)  The  point  of  the  inner  cone  has  a  reducing  action, 
due  to  the  presence  of  an  excess  of  carbon  in  the  form  of  carbonic 
oxide,  which  is  ready  to  combine  with  more  oxygen.  (/3.)  The  point 
of  the  outer  cone  has  an  oxidizing  action,  due  to  the  presence  of  an 
excess  of  oxygen. 

The  heat  of  a  flame  depends  on  the  energy  of  the  chemical  com- 
bmation.  Thus  it  bears  no  necessary  relationship  to  the  light  emitted 
by  the  flame.  The  oxy-hydrogen  jet  is  non-luminous  but  enormously 
hot,  the  energy  of  the  chemical  action  being  intense.  If  lime  be  intro- 
duced mto  the  jet  the  light  becomes  intense,  but  the  heat  produced  is 
lessened,  inasmuch  as  the  lime  not  only  does  not  contribute  to  the 
chemical  action,  but  conducts  the  heat  away. 

The  light  of  aflame  depends  on  several  circumstances,  (a.)  In  most 
cases,  but  not  necessarily  as  Frankland  has  shown,  light  depends  on 
sohd,  incandescent  particles.  Thus,  when  solid  particles  are  introduced 
into  the  colorless  flame  of  hydrogen  it  is  rendered  luminous.  We 
may  however,  have  a  luminous  flame  without  solid  particles.  A 
bright  light  IS  produced,  for  example,  when  metallic  arsenic  is  burnt 
m  oxygen,  although  both  the  metal  and  the  product  of  its  combustion 
are  gaseous  at  the  temperature  of  the  flame.  A  mixture  of  nitrogen 
dioxide  and  carbon  disulphide  again,  burns  with  a  luminous  flame. 

Temj,erature.  Thus  sulphur,  phosphorus,  and  other  bodies  give 
more  light  when  burnt  in  oxygen  than  in  air,  the  nitrogen  of  the 
on  J  T  TT.  '''''  ''''^^  contributing  nothing  to  the  energy  of  the 
re^ZTf;  temperature,  by  the  removal  ofYhe  heat 

resulting  from  the  combination  of  the  burning  bodv  with  oxygen. 

Til:  t  ''YT  7?^^  --^^-^^         two  point's  of 

Trl'^T^  I     "'^  ^  '-^  combustion.    An  alcohol 

flame  burns  with  a  very  feeble  light  in  air  at  30  inches  Bar.  Pr.,  but  the 

sphere  at  120  inches  Bar.  Pr.    A  candle  gives  less  light  on  the  top  of 

at^hrsaTe  ^^^'^"^^^  ^"^^  ^« 

and  rr    7  r  VT^^  '""'^"^^^  ^'S^^*  ^^-^^^  ^^"^  condensing, 

and  decreased  hght  from  rarefying  the  surrounding  atmosphere.    (2  ) 

B  wotn  ^  0/  the  combustible  gas  and  of  the  products  of  the  combustion. 
It  would  appear  that  uminosity  is  closely  related  to  the  vapor  density 

mor^  ir    !^  ,1  ^P^^^fi^  Sr-^'^'y  «f  '^'^  P-^ucts,  the 

more  intense  the  light.  Thus,  e.g.,  when  hydrogen  is  burnt  in  Jir,  it 
produces  wa  er,  which  has  a  density  of  9;  whilst  if  burnt  in  chloHne, 
It  forms  hydrochloric  acid,  which  has  a  density  of  18-25.    Hcucc,  the 
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light  produced  by  burning  hydrogen  in  chlorine,  is  much  greater  than 
that  produced  by  burning  hydrogen  in  air.  Sulphur  burnt  in  oxygen 
forms  SO2  (density  32) — phosphorus  when  burnt  in  oxygen  forms 
PjOg  (density  142) ;  hence  the  greater  light  given  by  phosphorus  over 
sulphur. 

The  color  of  a  fame  depends  upon  the  kind  of  solid  particles  present. 
Thus  sodium  renders  a  flame  yellow,  and  lithium  red.  Further 
there  are  cases  where  the  temperature  of  the  gas  before  combustion 
affects  the  color  of  the  flame.  This  happens  with  carbonic  oxide, 
the  cold  gas  giving  a  blue,  and  the  hot  gas  a  yellowish-red  flame. 

We  may  here  note  that  to  obtain  a  maximum  light  from  any  flame  :•— 

(1.)  The  sujiply  of  air  must  not  be  excessive,  otherwise  combustion 
will  be  too  complete,  the  luminosity  of  the  flame  being  decreased  for 
two  reasons,  (a)  that  the  carbon  particles  are  consumed  before  they 
are  sufiiciently  heated  to  emit  light,  and  (/3)  that  the  excess  of  atmo- 
spheric nitrogen  serves  to  cool  the  flame,  thereby  decreasing  its 
illuminating  power.  This  is  illustrated  by  blowing  on  a  flame,  or  by 
the  increase  of  draught  effected  by  lengthening  the  chimney. 

(2.)  The  supply  of  air  mv^t  not  be  too  limited,  otherwise  the  carbon 
passes  off  unburnt.    The  flame  thus  becomes  smoky. 

COMPOUND  OF  HYDEOGEN  AND  SILICON. 
SUicic  Hydride  (SiH4=32). 

SynonjnH- — Hydride  of  Silicon ;  Siliciuretted  Hydrogen. 

Preparation- — (1-)  By  decomposing  magnesic  silicide  (prepared  by 
heating  togetlier  magnesic  chloride,  sodic  silico-fluoride,  fused  sodic 
chloride  and  metallic  sodium)  with  dilute  hydrochloric  iicid.  (Wohler.) 

(2.)  By  passing  a  galvanic  current  through  a  sodic  chloride  solution, 
the  positive  pole  being  composed  of  aluminium  containing  silicon. 

Properties- — -A.  colorless  gas.  When  impure  it  fires  spontaneously 
in  air,  giving  off  white  fumes  of  amorphous  silica.  The  pure  gas  does 
not  ignite  spontaneously.  Burnt  in  oxygen  it  yields  water  and  silica. 
It  explodes  with  chlorine,  forming  SiCl^  and  HCl.  It  is  decomposed 
by  heat  into  amorphous  silicon  and  free  hydrogen,  the  hydrogen  occupy- 
ing twice  the  volume  of  the  original  gas.  With  potassic  hydrate  it 
undergoes  decomposition,  yielding  potassic  silicate  and  four  times  its 
volume  of  free  hydrogen  (SiH4-f  2KHO  +  H2O  =  K2Si03+4H2).  It 
precipitates  many  metallic  solutions,  but  not  those  of  lead  or  of 
platinum  (2CUSO4+ SiH4=  Cu2Si  +  2H2S04). 

Silicic  Hydrotrichloride. — (SiHCla)  {Silicon  Chloroform),  is  pre- 
pared by  heating  crystallized  silicon  in  a  stream  of  hydrochloric  acid 
(Si  +  3HC1  =  SiHCla  +  Hg).  It  is  a  fuming  liquid,  boiling  at  96-5°  F. 
(36°  C).  The  vapor  is  very  inflammable,  and  explodes  when  mixed 
with  oxygen.    It  is  decomposed  (1)  by  passing  it  through  a  red- 
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hot  tube,  or  (2),  at  ordinary  temperatures  by  the  action  of  chlorine,  or 
(3),  by  contact  with  water. 

Silico  Formic  Acid,  or  Leukon  (XevKk,  white),  (SiHjOs),  silicon 

formanhydride).    {See  page  226.) 

Silicic  Iodoform  (SiHI,),  corresponding  to  silicon  chloroform, 
has  been  prepared  by  passing  hydrogen  and  hydriodic  acid  over  heated 
silicon.    It  is  a  liquid  (Sp.  Gr.  3-362),  and  is  decomposed  by  water. 

Hydrofluosilicic  Acid  (HsSiFg).   See  page  257. 

Boric  Hydride  (BHsC?)) 

Preparation-— A  magnesic  boride  is  formed  by  heating  together 
magnesium  and  boric  anhydride.  Boric  hydride  is  evolved  by  the 
action  of  hydrochloric  acid  on  magnesic  boride,    (F.  Jones.) 

BgMga        +        6HC1        =     2BH3      +  SMgClg. 
Magnesic  bromide  +  Hydrochloric  acid  =  Boric  hydride  +  Magnesic  chloride. 

Properties- — A  colorless,  offensive  gas,  sparingly  soluble  in  water. 
It  burns  with  a  blue  flame,  yielding  boron  or  boric  anhydride,  accord- 
ingly as  the  supply  of  air  be  limited  or  free.  It  is  decomposed  by 
heat.  With  a  solution  of  nitrate  of  silver  it  yields  a  black  precipitate 
containing  boron  and  silver. 
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Section  II. — The  Metals. 


CHAPTER  XI. 


GENERAL  REMARKS  ON  THE  METALS. 

Derivation  and  Definition  of  a  Metal — Order  of  Discovtry  —  Natural  History  — 
Physical  and  Sensible  Properties — Chemical  Properties — Classification  of  the 
Metals. 

Derivation- — MeVaWov  a  metal.  The  word  is  found  in  every 
modern  language. 

Definition. — Our  definition  of  a  metal  is  twofold.  Physically,  "it 
is  an  opaque  body,  having  a  metallic  lustre,  and  possessing  for 
the  most  part  a  good  conducting  power  for  heat  and  electricity," 
Chemically,  "it  is  an  element  capable  of  forming  a  base  by  its  com- 
bination with  oxygen,  and  a  salt  by  its  combination  with  a  salt 
radical." 

The  division,  however,  of  inorganic  bodies  into  metals  and  non- 
metals,  or  as  they  were  often  called,  metalloids,  is,  strictly  speaking, 
one  of  convenience  only. 

Order  of  Discovery. — Seven  metals  were  known  to  the  ancients 
(viz.,  Au,  Ag,  Cu,  Pb,  Fe,  Hg,  Sn,)  ;  one  was  discovered  in  the 
fifteenth  century  (viz.,  Sb)  ;  two  in  the  sixteenth  (viz.,  Bi  and  Zn)  ; 
eleven  in  the  eighteenth  (viz.,  As,  Cr,  Co,  Mn,  Mo,  Ni,  Ft,  Te,  Ti,  W, 
U)  ;  and  the  rest  in  the  nineteenth. 

Natural  History.  -  (a.)  In  the  mineral  kingdom,  the  metals  are 
found  (1)  native,  either  in  a  free  state  (as  gold,  silver,  etc.),  or  as 
alloys  (as  e.g.,  gold  with  silver,  gold  with  palladium,  etc.)  ;  or  (2)  in 
combination  with  sulphur  (as  galena,  FbS),  with  oxygen  (as  hgematite, 
FcgOs),  or  with  the  haloids  (as  common  salt,  NaCl);  or  (3)  as  oxy-salts, 
as  e.g.,  sulphates  (heavy  spar,  BaSOi),  carbonates  (strontianite,  SrCO.,), 
phosphates  (apatite),  etc.  (/3.)  In  the  vegetable  kingdom,  sodium  and 
potassium  are  found  in  all  plants,  and  manganese,  silver  and  lithium 
in  most,  (y.)  In  the  animal  kingdom,  iron  is  found  in  the  blood, 
manganese  in  the  hair,  calcium  in  the  bones,  etc. 

As  regards  distribution,  some  are  widely  distributed  over  the  whole 
crust  of  the  earth  (e.g.,  Ca,  Al,  Mg,  Na,  Fe),  whilst  others  are  found  in 
small  quantities,  and  in  few  localities  only.  Usually,  they  occur  hi 
cracks  (lodes)  in  particular  rocks  (as  e.g.,  Au,  Ag,  etc.),  whilst  in 
other  cases  they  are  found  as  ores,  such  as  ironstone,  in  the  more 
recent  sedimentary  formations. 
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I.  Sensible  and  Physical  Properties— (i.)  Color.  This  varies  as 

follows  :— (o.)Recl  (Cii)  ;  (/3.)  Bright  yellow  (Au)  ;  {y.)  Pale  yellow 
(Ba);  (a.)  Reddish  grey  (Co,  Ni,  Bi)  ;  (e.)  Bluish  (Pb,  Zn,  Cd)  ;  (^.) 
Grey  (Fe,  Mo,  W,  U,  Mn,  Sb),  and  (»;.)  White,  which  includes  nearly 
all  the  remainder  (lunar  metals). 

(2.)  Taste  and  Smell.  The  taste  of  the  metal?  is  usually  astringent 
(metallic  taste).  This  is  probably  dependent  on  some  chemical  or 
electrical  effect  set  up  by  the  action  of  the  saliva,  and  is  often  lost 
when  they  exist  in  combination  (as  NaCl).  They  possess  generally 
but  little  odor.  Iron,  copper,  and  some  other  metals  when  rubbed 
give  out  a  peculiar  smell,  and  arsenicum  when  heated  emits  a  garlic  odor. 

(3.)  lAistre.  In  their  massive  and  polished  condition,  but  not  when 
finely  divided,  the  metals  generally  possess  a  "  metallic  lustre,"  de- 
pending on  the  almost  total  reflexion  of  the  rays  of  light  from  their 
surface.  Certain  metalloids,  moreover,  also  possess  a  certain  degree 
of  lustre,  as  e.g.,  iodine,  silicium,  graphite,  etc. 

(4.)  Opacity.  The  metals  are  almost  perfectly  opaque  to  light.  Fine 
gold  leaf,  however,  is  said  to  transmit  a  green  light  (Faraday,  Med. 
Gazette,  Vol.  1,  1845) ;  silver  leaf,  a  purple  light  ;  mercury,  a  blue 
light  ("Chemical  Gazette,"  February  1,  1846).  We  must  be  careful 
not  to  confound  the  passage  of  light  through  cracks,  accompanied 
by  the  phenomena  of  diffraction,  with  the  actual  transparency  of  the 
metal. 

(5.)  Texture,  (a.)  Some  metals  have  a  fibrous  texture  (Fe)  ;  (/3.) 
some  are  lamellated  (Zn,  Bi,  Sb)  ;  (y.)  some  are  crystalline  (Cu,  etc.) 

(6.)  Crystalline  form.  Most  metals  may  be  made  to  crystallise. 
The  crystals  may  be  formed  by  such  means  as  the  following  : — 

(a.)  By  fusion  and  slow  cooling  (Bi,  Pb). 

(/3.)  By  precipitation  with  another  metal  or  non-metal  (Ag  bv  Htr 
or  P  ;  Pb  by  Zn,  etc.).  v   &    «  6 

(/.)  By  sublimation  (As). 

(I.)  By  solution  (tin  as  in  the  moiree  metallique  ;  gold  from  an 
ethereal  solution). 
(e.)  By  electrolysis. 

The  crystals  generally  belong  to  the  cubic  system,  but  they  are 
sometimes  found  in  rhombohedra  and  hexagons,  as  e.g.,  zinc,  arseni- 
cum, antimony,  nickel.    ("  Chemical  Gazette,"  1848,  p.  165.) 

(7.)  Hardness.  This,  at  common  temperatures,  varies  greatly,  (a.) 
Hydrogen  is  believed  to  be  a  gaseous  metal,  whilst  (/3.).  mercury  is 
liquid,  and  gallium  melts  by  the  heat  of  the  hand,  (y.)  Some  are 
so  soft  that  they  can  be  indented  with  the  nail  (K,  Na).  (?.)  Others 
can  be  cut  with  a  knife  (Pb,  Au,  Ag);  (e.)  Avhilst  the  majority  are 
extremely  hard  (Sn,  W,  Fe,  Ir,  etc.). 

^  The  same  metal  may  present  great  differences  in  its  hardness. 
Thus  iron  may  be  rendered  sufficiently  soft  to  be  cut  with  a  steel  saw, 
or  so  hard  as  to  scratch  glass. 


282 


HANDBOOK  OP  MODERN  CHEMISTRY. 


(8.)  Elasticity  and  Sonorousness.  The  sound-giving  power  of  a  body 
is  intimately  associated  with  its  elasticity,  or  "  property  of  returning  to 
its  original  shape  when  disturbed." 

(a.)  Some  metals  are  very  elastic  (Fe,  Mn,  Al,  Ag);  others  bend, 
but  when  let  go  do  not  return  to  their  original  shape  (Pb,  Sn,  etc.), 
whilst  (y)  others  are  brittle  (As,  Bi,  etc.) 

(9.)  Malleability,  i.  e.,  "  The  property  of  forming  thin  leaves  when 
hammered  or  rolled."  (a.)  Some  metals  are  very  malleable.  The 
following  is  the  order  of  the  malleability  of  the  malleable  metals,  com- 
mencing with  those  in  which  the  property  is  most  marked,  viz.,  Au, 
Ag,  Cu,  Pt,  Pd,  Fe.  Al,  Sn,  Zn,  Pb,  Cd,  Ni,  Co.  The  alkaline  metals 
and  frozen  mercury  are  also  malleable.  (/3.)  The  remaining  metals 
are  not  malleable. 

(10.)  Ductility,  i.  e.,  *'  The  property  of  being  drawn  into  fine  wire." 
Ductility  is  closely  but  not  necessarily  related  to  malleability.  Iron 
is  a  less  malleable  metal  than  copper,  but  more  ductile.  Tin  is  less 
ductile  than  zinc,  but  more  malleable. 

The  order  of  the  ductility  of  the  ductile  metals,  beginning  with 
those  most  ductile,  is  as  follows— Au,  Ag,  Pt,  Fe,  Cu,  Pd,  Cd,  Co,  Ni, 
Al,  Zn,  Sn,  Tl,  Mg,  Li. 

Some  non-metallic  bodies,  in  a  state  of  fusion,  are  also  very  ductile, 
such  as  sulphur. 

(11.)  Tenacity,  i.e.,  "The  property  of  resisting  weight."  This  is 
measured  by  the  weight  a  given  sized  wire  can  support,  the  weights 
being  added  as  nearly  as  possible  within  the  same  time.  Lead  being 
taken  as  1,  the  following  numbers  represent  the  relative  tenacity  of 
certain  metals— Pb  1  ;  Cd  1-2  ;  Sn  1-3  ;  Au  5-6  ;  Zn  8*0  ;  Ag  8-5; 
Pt  13  ;  Pd  15  ;  Cu  17  ;  Fe  26.  This  tenacity  is  influenced  by  many 
circumstances,  as,  e.ff.  —  (a.)  By  the  purity  of  the  metal.  (/3.)  By  the 
temperature.  Thus  heat  diminishes  tenacity.  Iron  is  more  tenacious 
when  heated  to  212°  F.  (100°  C.)  than  when  cold,  but  when  heated 
above  this  temperature,  its  tenacity  becomes  less.  (y.)  By  annealing. 
Thus  the  tenacity  of  gold,  by  annealing,  may  be  reduced  by  one-half ; 
platinum,  by  one-third  ;  iron,  by  one-fourth,  etc. 

(12.)  Brittleness,  i.  e.,  "  The  property  of  breaking  into  small  pieces 
when  hammered."  This  varies  greatly.  The  disintegration  of  gold 
or  copper  requires  great  force,  whilst  bismuth  and  antimony  are,  on 
the  contrary,  very  brittle.  Brittleness  is  frequently  influenced  by 
temperature.    Thus,  cold  zinc  is  brittle,  whilst  hot  zinc  is  malleable. 

(13.)  Specific  Gravity.  This  varies  greatly.  Thus  lithium  has  one- 
half  the  speciflc  gravity  of  water,  and  platinum  twenty-one  times 
its  density.  {See  Table  of  Elements.)  It  will  be  noticed  that 
the  lightest  metals,  such  as  K,  Na  and  Li,  are  the  most  oxidizable, 
whilst  the  heaviest,  such  as  Pt,  Ir,  etc.,  are  the  least  oxidizable.  It  has 
been  remarked  that  the  specific  gravity  is  increased  by  hammering  and 
rolling. 
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(14.)  TTiermotic  Properties,  (a.)  All  metals  exjmnd  by  heat  and  contract 
by  cold.  Lead,  however,  after  it  has  been  heated,  does  not,  on  cooling, 
return  to  its  original  size.  Each  metal  possesses  its  own  rate  of 
expansion.  The  expansion  of  any  given  metal  is  fairly  uniform  for 
equal  increments  of  heat  up  to  212°  F.  (100°  C),  but  beyond  this 
point  the  expansion  becomes  irregular. 

(/3.)  All  metals  conduct  heat,  but  their  conductivity  varies.  Thus,  if 
the  conduction  power  of  silver  be  taken  as  100,  copper  equals  74,  iron 
12,  lead  9,  platinum  8,  bismuth  2,  etc.  In  estimating  the  conduc- 
tivity of  a  metal  for  heat,  its  specific  heat  must  always  be  taken  into 
account. 

(y.)  Fusibility,  i.  e.,  "the  property  of  changing  from  a  solid  to  a 
liquid  state  by  the  action  of  heat,"  {/undo,  I  pour  out). — The  melting 
points  of  the  metals  vary  greatly.  Thus,  mercury  fuses  at  — 37°  F. 
(  —38-8°  C.)  ;  gaUium  at  86°  F.  (30-1°  C.)  ;  sodium  and  potassium 
between  143°  and  212°  F.  (60°  and  100°  C.)  ;  silver,  copper,  and  gold 
at  a  bright-red  heat  (1832°  to  2012°  F.,  or  1000°  to  1100°  C);  iron 
at  a  white  heat  (2732°  to  4462°  F.,  or  1500°  to  2500°  C.)  ;  whilst  others, 
such  as  platinum,  etc.,  need  the  heat  of  the  oxy-hydrogen  blow-pipe 
or  voltaic  arc  to  effect  fusion.    Osmium  has  never  been  melted. 

Welding  implies  the  property  possessed  by  certain  metals  of  uniting 
by  pressure,  when  brought  to  the  pasty  state,  that  is,  a  stage  pre- 
vious to  complete  fusion  {e.g.,  Fe,  Pt,  Tl, Li,  K,  Pd). 

(S.)  Volatility,  i.  e.,  "  the  property  of  being  converted  by  heat  into 
vapor,"  {volo,  I  fly). 

1 .  Some  metals  are  volatile  at  ordinary  temperatures  (Hg). 

2.  Others  are  volatile  below  redness  (K,  Na,  As).  In  the  case  of 
arsenicum,  it  volatilizes  before  it  melts  ;  hence,  in  order  to  effect 
fusion,  the  heat  must  be  applied  to  the  metal  under  pressure. 

3.  Others  are  volatile  in  an  ordinary  fire  (Mg,  Zn,  Cd). 

4.  Others  are  volatile  by  the  heat  of  the  blast  furnace  (Cu,  Pb 
Ag). 

5.  Others  are  almost,  but  not  absolutely  non-volatile  (Au,  Pt). 
(c.)  Specific  heat  (see  page  45). 

If  equal  weights  of  the  metals  be  taken,  the  specific  heat  will  be 
found  to  vary  with  the  metal  ;  but  if  atomic  weights  of  the  metals  be 
taken,  the  specific  heat  (or  atomic  heat,  as  it  is  called  in  this  case)  will 
be  found  in  all  cases  to  be  equal,  or  nearly  so. 

(15.)  Electrical  Properties,  (a.)  Conductivity.  All  metals  conduct 
electricity,  but  their  electric  conductivities  are  unequal.  Thus,  the 
power  of  silver  and  copper  is  five  times  as  great  as  that  of  iron  or  of 
platinum,  and  twelve  times  that  of  lead.  Hydrogen  is  not  an  electrical 
conductor,  but  it  is  to  be  noted  that  the  vapors  of  the  metals  generally 
are  not  conductors. 

(/3.)  The  metals,  when  liberated  from  their  compounds,  apipear  at  the 
negative  pole  of  the  battery  (Electro-positives).    (Page  2.) 
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(16.)  Magnetic  Properties,  (a.)  Certain  metals  are  magnetic  at 
ordinary  temperatures,  their  magnetic  power  being  generally  increased 
by  cold  (Fe,  Ni,  Co).  (/3.)  Other  metals  are  attracted  equally  by 
either  pole  of  a  magnet.  If  such  metals,  in  the  form  of  a  bar,  be  sus- 
pended over  the  poles  of  a  horseshoe  magnet,  they  arrange  themselves 
axially  ;  that  is,  with  their  ends  over  each  pole  (Fe,  Ni,  Co,  Mn,  Cr, 
Pd,  Pt,  Os).  Such  metals  are  called  magnetics,  (y.)  Other  metals 
are  repelled  by  a  magnet.  When  bars  of  such  metals  are  suspended 
over  the  poles  of  a  horseshoe  magnet  they  arrange  themselves 
equatorially  ;  that  is,  contrary  to  the  poles  (Bi,  Sb,  As,  Zn,  Pb,  Sn,  Hg, 
Au).    Such  metals  are  called  diamagnetics. 

(17.)  Power  of  absorbing  gases  (occlusion).  Thus,  platinum  and  iron 
at  a  red  heat  absorb  hydrogen  freely  (Deville  and  Troost).  Platinum 
is  capable  of  absorbing  3-8  volumes  of  hydrogen  at  a  red  heat,  whilst 
palladium  absorbs  at  a  heat  below  212°  F.  (100°  C.)  643  times  its 
volume. 

This  power  of  hydrogen  (hydrogeuium)  to  form  an  alloy,  and  its 
near  relationship  in  this  state  to  the  metals  (as,  e.  .,  its  power  of  con- 
ducting heat  and  electricity,  its  magnetic  properties,  etc.)  have  led 
chemists  to  regard  hydrogen  gas  as  the  vapor  of  a  highly  volatile 
metal. 

II.  Chemical  Properties.— The  metals  being  elements,  resist 
decomposition.  We  shall  consider  first  of  all  their  combination  with 
oxygen. 

(1.)  Action  of  Oxygen. — All  the  metals  may  be  oxidised,  and  often 
in  several  proportions.  The  oxides  are  closely  analogous  to  the 
chlorides  ;  oxides  being  regarded  as  substitution  derivatives  of  one 
or  more  molecules  of  H^O,  and  chlorides  as  derivatives  of  one  or  more 
molecules  of  HCl.  There  are,  however,  certain  oxides,  as  PbOg, 
without  chlorine  analogues.  The  oxides  generally  are  opaque,  earthy- 
looking  bodies,  destitute  of  metallic  lustre. 

A  hydroxide  is  a  compound  where  only  a  part  of  the  hydrogen  of 
one  or  more  molecules  of  water  is  replaced  by  a  metal.  Thus,  K' 
being  a  monad  and  Ca"  a  dyad — 

KHO  =  potassic  hydroxide  ;  Ca"  (H0)2  or  CaHgOa  =  Calcic 

hydroxide. 

The  soluble  hydroxides  have  a  strong  alkaline  reaction. 

All  metals  except  gold,  platinum,  iridium,  rhodium,  and  ruthenium 
are  capable  of  direct  combination  with  oxygen — that  is,  of  combina- 
tion without  the  intervention  of  a  third  element.  The  circumstances  in- 
fluencing the  rapidity  of  their  oxidation  are  (a)  the  presence  of  moisture, 
pure  dry  oxygen  having  but  little  action  on  the  metals,  except  upon 
the  alkaline  metals,  at  ordinary  temperatures  ;  (/3)  the  temperature ; 
and  (y)  the  physical  condition  of  the  metals;  that  is,  whether  they  be 
finely  divided  or  massive. 
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It  is  to  bo  noted  tliiit  the  liyhtest  metals  (as  Na,  K,  etc.)  are  those 
viost  easily  oxidized,  whilst  the  heaviest  metals  (as  Au,  Pt,  etc.)  are 
.  those  least  eanly  oxidized.  Thus  the  attraction  of  a  metal  for  oxygen 
is  for  the  most  part  inversely  as  its  specific  gravity.  In  the  case  of 
mercury  both  oxidation  and  deoxidation  may  be  easily  effected  by  heat. 
We  may  classify  the  action  of  oxygen  on  the  metals  as  follows  : — 

(A.)  Metals  that  combine  with  oxygen  readily  but  part  from  it  with 
difficulty.    Of  these  there  are  several  classes: — 

1.  Metals  that  combine  with  the  oxygen  of  the  air  or  of  water 

at  ordinary  temperatures,  liberating  hydrogen  in  the  case 
of  the  water  (K,  Na,  Li,  Ba,  Sr,  Ca). 

2.  Metals  that  combine  with  atmospheric  oxygen  slowly,  and 

with  the  oxygen  of  water  only  when  heated  (Mg,  Zn,  Al, 
Cd,  Mn,  Ni,  Co,  Fe).  These  metals  decompose  HCl  and 
H2SO4  at  common  temperatures,  liberating  hydrogen. 

3.  Metals  that  combine  with  atmospheric  oxygen  very  slowlj, 

and  with  the  oxygen  of  water  only  when  the  metal  is  at 
a  red  heat  (Sb,  As,  Sn).  These  metals  will  not  decom- 
pose HCl  and  HgSO^  at  common  temperatures,  but  will 
decompose  KHO  liberating  hydrogen. 

4.  Metals  that  combine  with  atmospheric  oxygen  slowly  at 

ordinary  temperatures  and  rapidly  when  red-hot,  but  will 
not  decompose  Avater  at  any  temperature  (Cu,  Pb,  Bi). 
These  oxides  cannot  be  decomposed  by  heat  alone. 

(B.)  Metals  that  combine  with  oxygen  with  difficulty  and  part  from  it 
readily  (noble  metals). 

(2.)  Action  of  the  Haloid  Elements.— Chlorine  combines  directly  with 
all  the  metals,  and  often  at  common  temperatures  (as  e.g.,  with  Sb), 
{see  page  94).  Bromine,  iodine,  and  fluorine  also  combine  Avith  most 
metals  directly. 

(3.)  Action  of  Carbon.— Iron,  manganese,  palladium,  iridium,  and  a 
few  other  metals,  form  compounds  with  carbon,  called  carbides  (q.v.). 
The  carbides  are  generally  more  fusible  than  the  metals  themselves. 

(4.)  Action  of  Phosphorus.— -phoBj^horus  combines  with  the  metals  to 
form  phosphides  {q.v.). 

(5.)  Action  of  Nitrogen.— The  affinity  of  nitrogen  for  the  metals  is 
slight,  the  compounds  formed,  called  nitrides  (q.v.),  being  usually  explo-  " 
sive  and  difficult  of  examination.  They  are  generally  prepared  by  the 
action  of  ammonia  on  various  oxides  (Au,  Ag,  Pt,  Cu,  Hg,  Fe),  but 
in  the  case  of  vanadium,  titanium,  and  molybdenum,  direct  union  of 
the  metal  and  nitrogen  may  be  effected. 

(6.)  Action  of  Hydrogen.— UjdvogQn  forms  hydrides  (q.v.)  with  several 
of  the  metals  (As,  Sb,  Cu,  Fe,  K,  Na,  Pd). 

(7.)  Silicon,  boron,  selenium,  and  tellurium  also  combine  with  certain 
of  the  metiila  to  form  silicides,  borides,  selenides,  and  teUurides  (q.v.). 
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(8.)  Action  of  Water  on  the  metals  : — 

(a.)  Certain  metals  decompose  water  at  common  temperatures  (K, 

Na,  Li,  Ba,  Sr,  Ca). 
(/3.)  Others  only  when  the  water  is  boiling  (Mg,  Al,  Cd,  Mn). 
(y.)  Others,  when  the  metal  is  red  hot  (Sb,  As,  Sn,  Zn,  Fe, 

Cr,  Co,  Ni). 

(5.)  Others  when  the  metal  is  white  hot  (Al,  Pb,  Bi,  Cu). 
(e.)  Others  do  not  decompose  water  (noble  metals). 

The  action  of  the  metals  on  water  is  modified  (1)  by  the  presence  of 
air,  whereby  the  action  of  a  metal  on  water  is  rendered  more  ener- 
getic ;  and  (2)  by  the  contact  of  two  metals,  whereby  a  galvanic  current 
may  be  set  up,  and  the  energy  of  solution  intensified. 

(9.)  Action  of  the  Acids  on  metals : — 

(A.)  Sulphuric  Acid. — (a.)  Sulphuric  anhydride  cannot  be  made  to 
combine  directly  with  the  metals. 

(j3.)  The  concentrated  acid  acts  on  very  few  metals  without  heat, 
whilst, 

(y.)  The  dilute  acid  acts  on  most  metals  at  ordinary  temperatures, 
a  metallic  sulphate  being  formed  with  the  liberation  of  hydrogen  (Zn, 
Fe,  Co,  Ni,  Mn). 

(B.)  In  certain  cases  heat  is  required  to  bring  about  combination 
with  the  dilute  acid,  when  a  metallic  sulphate  is  commonly  formed 
and  aulphurous  acid  liberated  (Ag,  Cu,  Hg,  As,  Sb,  Bi,  Sn,  Pb) 
(Age  +  2H2S04= AgeSO^ + 2H2O  +  SO^). 

(c.)  The  acid  (strong  or  dilute)  has  no  action  on  gold,  platinum, 
rhodium,  or  iridium.  Thus,  sulphuric  acid  is  used  to  part  silver  or 
copper  from  gold. 

(^.)  When  the  vapor  of  sulphuric  acid  is  passed  over  red  hot 
platinum,  it  is  decomposed  into  oxygen  and  sulphurous  acid  (see  p.  72). 

(B.)  Nitric  Acid. — Nitric  acid  dissolves  most  metals,  and  more 
readily  when  dilute  than  concentrated,  (a.)  Upon  gold  and  platinum 
nitric  acid  has  no  action  ;  whilst  {b)  tin  and  antimony  are  not  dissolved 
but  oxidised  by  nitric  acid,  the  insoluble  anhydrides  SnOg  and  SboOg 
being  formed. 

We  may  here  note  that  whilst  dilute  sulphuric  acid  by  its  action  on 
the  metals  usually  liberates  hydrogen,  nitric  acid  does  not  liberate 
hydrogen.  No  doubt,  however,  hydrogen,  in  the  case  of  nitric  acid,  is 
in  the  first  instance  set  free,  but  undergoes  rapid  oxidation. 

The  products  resulting  from  the  action  of  nitric  acid  on  the  metals 
vary.    We  may  note  the  following  : — 

(a.)  Nitrous  Oxide  (NgO).  By  the  action  of  the  dilute  acid  -on  an 
energetic  metal,  such  as  zinc  : — 

4Zn  +  lOHNO,  =  4(Zn2N03)  +  SHgO  +  NjO. 
Zinc    4-    Nitric  acid    =    Zincic  nitrate    +    "Water    +    Nitrous  oxide. 
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Nitric  Oxide  (NO).    By  tbeiaction  of  an  acid  of  specific  gravity 
1*25  on  sueli  metals  as  Cu  and  Hg  : — 

3Gu    +    8HNO3   =  3(Cu2N03)    +  4H2O  +  2N0. 
Copper    +    Nitric  acid    =    Cupric  nitrate    +    "Water    -f-    Nitric  oxide. 

(y.)  Nitroiis  Anhydride  (N2O3).  By  the  action  of  the  acid  on  silver 
or  palladium  : — 

2Ag2  +  6HNO3  =     4AgN03    +  SHgO  +  NsOa. 
Silver  +  Nitric  acid  =  Argentic  nitrate  +  Water  +  Nitrous  anhydride. 

(5.)  Nitric  Peroxide  (N2O4).  By  the  action  of  an  acid  of  specific 
gravity  1*42  on  tin,  copper,  etc.:  — 

5Sn  +   2OHNO3  =    Sn50io,5H20   +   SHgO  +  ION2O4. 
Tin   +    Nitric  acid    =    Metastannic  acid    +    Water    +    Nitric  peroxide. 

(e.)  Nitrogen.  By  the  action  of  the  acid  on  copper  at  a  high  tem- 
perature : — 

5Cu  +  I2HNO3  =  5(Cu2N03)  +  6H2O  +  Ng- 
(4".)  Ammonia  (NH3).  Any  metal  capable  of  decomposing  water 
will  generate  ammonia  with  dilute  nitric  acid,  (a.)  In  the  first  stage 
nascent  hydrogen  is  set  free.  (/3.)  This  reacts  on  the  nitric  acid,  form- 
ing water  with  the  oxygen,  and  ammonia  with  the  nitrogen  ;  (y.)  and 
lastly,  the  excess  of  ammonia  cornbines  with  the  excess  of  acid. 
Thus:— 

(a.)     2HNO3    +       Zn       =     ZU2NO3.     +  Hg. 

Nitric  acid    -|-       Zinc        =     Zinc  nitrate     +  Hydrogen. 

(/3.)   2HNO3    +      3H2     =       NH3       +  3H2O. 

Nitric  acid    +    Hydrogen    =       Ammonia      +  "Water. 

(y.)      2HNO3    +     2NH3     =  2NH43NO3. 
Nitric  acid    -|-    Ammonia     =  Ammonic  nitrate. 

(C.)  Hydrochloric  Acid.  —  The  affinity  of  a  metal  for  chlorine  is 
somewhat  greater  than  its  affinity  for  oxygen  ;  hence  the  action  of 
hydrochloric  acid  on  a  metal  is  always  a  little  in  excess  of  the  action 
of  water  on  the  metal.  All  metals  that  decompose  water  at  a  red  heat, 
decompose  hydrochloric  acid,  hydrogen  being  liberated  and  a  chloride 
of  the  metal  formed  (2HCl  +  Zn=ZnCl2  +  H2).  It  is  to  be  noted 
that — 

(a.)  Silver  does  not  decompose  water  at  any  temperature,  but  is 
slowly  dissolved  by  strong  hydrochloric  acid. 

ifi.)  Gold  and  Platinum  are  not  acted  on  by  hydrochloric  acid,  unless 
free  chlorine  be  present. 

(D.)  Nitro-muriatic  Acid  (aqua  regia). — This  is  a  mixture  of  one 
part  of  HNO3  and  three  parts  of  HCl.  Gold,  plati  nnm  and  the  noble 
metals  generally  are  dissolved  by  it,  free  chlorine,  together  with  red 
fumes  [viz.,  the  oxy-chlorides  of  nitrogen  (NOCl  and  NOCI2)]  being 
evolved. 
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(E.)  Hydi'osul2)huric  Acid  (sulphuretted  hydrogen). 

(a.)  On  certain  metals  sulphuretted  hydrogen  acts  at  ordinary 
temperatures  (Hg,  Ag)  ;  whilst 

(/3.)  On  other  metals  the  action  does  not  occur  without  heat,  when 
the  displacement  of  the  hydrogen  from  the  HjS  may  be  either 
(1.)  Complete,  e.g.,  HgS  +  Sn  =  SnS      +  Hg,  or 
(2.)  Partial,  e.g.,  2H2S  +  2K  =  2KHS  +  Hg. 

(10.)  Action  of  Alkalies.  Certain  metals,  such  as  iron  and  copper, 
when  red  hot  decompose  ammonia  gas.  When  potassium  is  gently 
heated  in  dry  ammonia,  KHgN  is  formed,  which  may  be  regarded 
either  as  a  substitution  derivative  of  H3N,  or  a  compound  of  potas- 
sium and  amidogen  (HgN). 

Platinum  as  well  as  other  metals  are  oxidised  when  heated  with 
potassic  hydrate. 

Classification  of  the  Metals.— The  classification  of  the  metals 
according  to  their  atomicity  has  manifest  advantages.  The  table 
(page  51)  illustrates  their  arrangement  accordingly. 

We  prefer,  however,  (regarding  the  primary  object  of  classification 
as  convenience,)  to  adopt  simply  a  division  into  the  various  groups 
such  as  occur  in  the  ordinary  process  of  systematic  analysis,  com- 
mencing with  the  alkaline  metals. 


CHAPTER  XII. 


ALLOYS  AND  SALTS. 

AUoTS-Changes  in  property  effected  by  AUoying— Acids-Bases— Salts-Varieties 
of  Salts.  Haloid  Salts.— Oxides,  Chlorides,  Bromides,  Iodides,  Fluorides,  Sul- 
phides,  Nitrides,  Arsenides,  Selenides,  Tellurides,  Phosphides,  Carbides,  Borides, 
Sihcides,  Hydrides.  Oxy- Salts-SxiliphateB,  Selenates,  TeUurates,  Chromates, 
Manganates  Tungstates,  Molybdates,  Stannates.  Thiosulphates,  Sulphites, 
Sdenites  Dithionates,  Nitrates,  Nitrites,  Hyponitrites,  Chlorates,  Bromates, 
lodatee,  Perchlorates,  Peiiodates,  Chlorites,  Hypochlorites,  Phosphates,  Hypo- 
phosphites,  Phosphites,  Arsenates,  Vanadates,  Antimonates,  Sulphantimonates, 
Arsenites,  Antimonites.  Sulpharsenites,  Sulphantimonites,  Cai-honates,  Silicates, 
Borates.    Double  Salts. 

We  proceed  to  consider  : — 

I.  The  compounds  formed  by  the  union  of  metals  with  metals 
(alloys  and  amalgams). 

II.  The  compounds  of  the  non-metals  with  the  metals  (salts). 

ALLOYS  (ad  to,  and  Hgo  I  bind). 
Definition.— An  alloy  is  a  compound  formed  by  the  union  of  two 
or  more  metals.    If  the  alloy  contains  mercury,  it  is  then  called 
an  amalgam. 

Are  the  alloys  mere  mechanical  mixtures,  or  are  they  chemical  com- 
pounds  ?  To  answer  this  question  we  must  ask,  Is  there  any  evidence 
of  definite  change  resulting  from  admixture  of  metals,  similar  to  what 
happens  m  the  case  of  combinations  with  the  non-metals  ?  Matthiessen 
(who  specially  studied  the  subject)  considered  that  alloys  might  be 
tUvided  into  two  classes  :—  s 

(1.)  Physical  Alloys,  i.e.,  a  mere  mechanical  mixture  of  metals,  in 
which  at  the  time  of  mixture,  no  heat  is  evolved,  and  where  eLh 

exists  in  the  alloy.     As  illustrations  of  this  class  we  may  mention 
alloys  of  lead  and  tin,  of  zinc  and  cadmium,  etc 

Pvlf ^  ^^'r''"v"^  «f  l^eat  is 

evolved  (sodium  and  mercury),  the  metals  forming  the  alloy  not  im- 
partmg  their  properties  to  the  alloy  in  that  proportion  in  which  th" 
are  present.    This  class  includes  alloys  of  all  the  metals,  except^ 
mixtures  of  lead,  tm,  zinc,  and  cadmium  amongst  themselves. 

Definite  compounds  of  metals  with  metals  no  doubt  exist.  Neces- 
sanly,  however  intensity  of  combination  being  largely  dependent  on 
dissimilarity  in  the  property  of  the  constituents,  the  ties  of  union  in  the 
case  of  he  metals,  standing  as  they  do  near  each  other  in  the  electro- 
chemical scale,  are  weak,  and  the  separation  of  the  components  easy 
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Tlius  (1)  heat  will  drive  off  zinc  from  its  alloy  with  copper,  and 
arsenicum  from  its  alloy  with  platinum ;  whilst  (2)  slight  mechanical 
causes,  such  as  the  mere  squeezing  through  leather,  will  remove  an 
excess  of  mercury  from  a  mixture  of  mercury  and  silver. 

Change  of  property  is  the  distinguishing  feature  of  the  chemical  act. 
We  shall  consider  the  changes  that  manifest  themselves  as  the  result 
of  a  combimtion  of  metals. 

I. — Changes  in  the  Sensible  and  Physical  Properties  op 

Alloys. 

(a.)  Color.  Thus  the  addition  of  18  per  cent,  of  nickel  to  brass 
renders  it  white  (Packfong,  or  German  silver).  Similarly,  the  ad- 
mixture of  arsenicum  with  copper,  or  of  platinum  or  of  palladium  with 
gold,  renders  the  copper  and  the  gold  white.  The  alloy  of  gold  and 
silver  has  a  pale  greenish  tint. 

(/3.)  Hardness.  The  hardness  of  an  alloy  is  usually  greater  than  the 
mean  hardness  of  the  constituent  metals.  Thus  a  little  copper  (8*33 
per  cent.)  is  added  to  the  gold  used  for  coinage,  in  order  to  increase  the 
hardness  of  the  gold.  The  alloy  of  tin,  lead,  and  antimony  forms  a 
hard  tyj)e-metal.  The  alloy  of  copper  and  zinc  forms  a  hard  compound 
that  may  be  cast  or  turned.  The  alloy  of  copper  and  tin  forms  a  very 
hard  bronze.  Manganese  or  tungsten  increases  the  hardness  of  steel 
to  such  an  extent  that  the  alloy  is  used  in  the  construction  of  instru- 
ments for  boring  steel. 

(y.)  Elasticity  and  SonoroxLsness.  An  alloy  of  copper  and  tin 
(=  CugSn),  or  of  copper,  zinc  and  lead,  constitutes  the  sonorous  bell- 
metal. 

(2.)  Malleability.  The  malleability  of  a  metal  is  usually  decreased  by 
alloying.  Thus,  if  0*5  gr.  of  lead  be  added  to  1  oz.  of  gold,  its  malle- 
ability is  destroyed.  If  melted  gold  be  kept  for  some  time  in  the 
vicinity  of  melted  tin,  the  gold  becomes  brittle.  An  alloy  of  two 
malleable  metals  may  form  a  brittle  alloy  (e.g.,  gold  and  lead),  but  no 
case  is  known  where  the  alloy  of  two  brittle  metals  forms  other  than  a 
brittle  alloy.  A  mixture  of  copper,  zinc,  and  platinum  forms  a  very 
malleable  alloy  ;  but  if  a  trace  of  iron  be  added,  in  the  proportion  of 
0*o  gr.  of  iron  to  4  oz.  of  the  alloy,  it  renders  the  alloy  brittle. 

(e.)  Tenacity.    This  may  be  either  increased  or  diminished  : — 

(1.)  Increased.  If  a  gold  wire  be  taken  capable  of  bearing  a  strain 
of  25  lbs.,  it  will  be  found  that  a  similar  sized  one  of  copper  will  bear 
a  weight  of  25  to  30  lbs.  If  now^a  wire  of  the  same  gauge  be  made 
of  an  alloy  of  gold  with  8"4  per  cent,  of  copper,  it  will  be  found  to 
bear  a  strain  of  from  70  to  75  lbs. 

(2.)  Diminished.  If  a  copper  wire  be  taken  which  bears  a  strain  of 
from  25  to  30  lbs.,  the  same  sized  tin  wire  will  be  found  to  bear  a 
strain  of  less  than  7  lbs.,  whilst  a  wire  formed  by  an  alloy  of  equal 
parts  of  tin  and  copper  will  also  not  bear  a  greater  strain  than  7  lbs. 
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(^.)  Specific  Gravity.  The  specific  gravity  of  an  alloy  may  be  either 
above  or  below  the  mean  of  its  constituents.  Standard  gold  consists  of 
11  parts  of  gold  and  1  of  copper,  the  specific  gravity  of  which  alloy 
is  l7"lo7,  although  the  mean  specific  gravity  is  18-47. 

(jj.)  Thermotic  properties.  The  fusing-point  of  an  alloy  is  invariably 
below  the  mean  fusing  points  of  its  constituents,  just  as  the  fusibility 
of  double  chlorides,  carbonates,  or  silicates,  is  generally  lower  than  the 
separate  salts  of  which  these  double  salts  are  composed.  Thus  an 
alloy  of  four  parts  of  bismuth  (which  fuses  at  507°  P.,  or  264°  C),  two  of 
lead  (which  fuses  at  607°  F.,  or  309-5°  C),  and  one  of  tin  (which  fuses 
at  442°  F.,  or  227'8°  C.)  (such  mixture  nearly  corresponding  to  the  for- 
mula BioPbSn),  is  found  to  melt  below  212°  F.  (100°  C).  Platinum, 
which  is  very  difiicult  of  fusion,  melts  easily  when  alloyed  with 
arseuicum.  In  the  extraction  of  silver  from  lead  by  Pattinson's 
process  (see  Index),  it  is  found  that  the  part  which  cools  last  con- 
tains nearly  all  the  silver,  owing  to  the  greater  fusibility  of  the  alloy 
of  lead  and  silver. 

(0.)  The  conductivity  of  metals  for  heat  and  electricity  is  usually  de- 
creased by  alloying. 

II.  Changes  in  the  Chemical  Propeeties. 

The  alterations  of  chemical  properties  in  the  case  of  alloys  are  not 
well  marked : — 

(1.)  A  certain  change  in  the  capacity  of  a  metal  for  oxidation  may  be 
noted.  An  alloy,  e.g.,  of  two  oxidizable  metals  (such  as  of  lead  and 
tin)  is  generally  more  easily  oxidized  than  either  of  the  constituents. 

(2.)  A  change  in  the  action  of  acids  on  the  alloy  may  be  remarked. 
For  example — German  silver  is  soluble  in  dilute  sulphuric  acid, 
although  the  acid  does  not  attack  copper,  which  is  one  of  its  chief  con- 
stituents. An  alloy  of  1  part  of  platinum  and  12  parts  of  silver  is 
soluble  in  nitric  acid,  in  which  the  platinum  is  insoluble.  Further,  the 
presence  of  iridium  and  rhodium  in  platinum,  as  commonly  occurs 
in  the  metal  found  in  commerce,  renders  the  platinum  less  easily  at- 
tacked by  chemical  reagents. 

SALTS. 

Acids,  Bases,  Salts. 

Chemical  nomenclature,  prior  to  1786,  was  both  unsystematic  and 
imperfect.  Acetic  acid  to  the  older  chemists  was  a  mineral  acicl„ 
because  it  was  sour.  A  salt  was  regarded  as  a  solid,  crystallizable 
substance,  soluble  in  water. 

In  1786  Lavoisier  defined  an  acid  as  "  an  oxidized  body,  sour,  capable 
of  reddening  vegetable  blues,  and  of  combining  with  and  neutralizing 
alkalies."    All  tlie  acids  known  to  Lavoisier  contained  oxygen  ;  he 
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regarded  this  element,  therefore,  as  the  acidifying  principle  of  an 
acid,  and  essential  to  its  existence  (acid-begetter).  A  salt  Lavoisier 
defined  as  ''the  union  of  an  acid"— ih&i  is  of  "an  anhydride,"  as  we  call 
it,  but  which  Lavoisier  and  his  school  regarded  as  an  acid — "with  an 
oxide  of  a  metal "  (a  base).  Thus  KO.SOg,  formed  the  salt  sulphate 
of  potash.    This  constituted  "  the  dualistic  theory  of  salts." 

In  1795  Sir  H.  Davy  pointed  out  that  the  very  type  of  all  salts 
(viz.  common  salt)  contained  neither  acid  nor  base,  and  that  there  were 
numerous  compounds  corresponding  in  all  points  to  Lavoisier's  defini- 
tion of  an  acid,  except  that  they  contained  no  oxygen.  Hence  La- 
voisier's definition  of  acids  and  salts  had  to  be  modified.  Acids  were 
consequently  divided  into  two  classes,  and  salts  into  two  claspes,  viz.:— 
(1.)  Oxy-acids;  bodies  containing  oxygen,  which,  combined  with  an 
oxide  of  a  metal  (a  base),  formed  oxy-salts. 

(2-)  Eydr-acids ;  bodies  in  which  hydrogen  was  an  essential  ingre- 
dient, the  combination  of  the  radical  or  characteristic  element  of  which 
with  metals,  formed  haloid  salts. 

In  1812,  that  is,  very  shortly  after  the  discovery  of  chlorine,  Davy 
recognized  the  similarity  in  the  action  of  oxy-acids  and  of  hydr-acids 
on  metals.  He  further  pointed  out  that  all  acids  contained  hydrogen, 
and  that  an  anhydride  was  not  an  acid.  He  suggested  that  all  acids 
were  salts,  and  that  all  salts  were  compounds  of  a  radical  (simple  or 
compound)  with  a  metal.  He  thus  laid  the  foundation  of  "  The 
Binary  Theory  of  Salts."  Lavoisier's  "  Dttalistic  Theory"  expressed 
nitrate  of  potash  as  KCNOj,  or  a  compound  of  the  acid  (as  he  re- 
garded it)  NO5  and  the  base  KO  ;  whilst  Davy's  "  Binary  Theory " 
expressed  it  as  KNOq,  or  a  compound  of  the  metal  potassium  (K) 
with  the  acid  radical  NOg.  Moreover  Davy  remarked  on  the  close 
similarity  of  constitution  between  oxy-salts  and  haloid  salts,  as,  for 
example,  between  KCl  and  KNOg. 

In  1819,  Berzelius  introduced  his  Electro-Chemical  Theory,  accord- 
ing to  which  he  regarded  salts  as  compounds  of  an  electro-negative 
(that  is,  a  body  attracted  by  the  positive  pole  of  a  battery),  with  an 
electro-positive  (that  is,  a  body  attracted  by  the  negative  pole).  All 
the  non-metals  (excepting  hydrogen)  were  electro-negative  ;  all  the 
metals  (including  hydrogen)  were  electro-positive.  This  much  re- 
mains a  fact,  viz.,  that  the  elements  differing  most  in  their  chemical 
relationship  usually  exhibit  the  greatest  activity  of  combination  ; 
but,  that  the  chemical  functions  were  determined  exclusively  by  the 
electrical  relationships,  was  disproved  by  the  discoveries  of  1834 
and  following  years.  For  the  laws  of  substitution  (introduced  and 
elaborated  by  Dumas,  Gay  Lussac,  Laurent,  Gerhardt,  etc.)  prove 
the  possibility  of  an  electro-negative  body  like  chlorine  taking  the 
place  of  an  electro-positive  body  like  hydrogen  in  a  compound.  The 
"  theory  of  types  "  was  then  called  in,  to  aid  the  "  theory  of  substi- 
tution." 
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We  shall  here  discuss  the  definitions  of  (I.)  an  acid,  (II.)  a  base 
(III.)  a  salt. 

I.  Acids  (aKT],  a  point). 

An  Acid  is  "  a  compound  containing  one  or  more  atoms  of  hydrogen, 
capable  of  disj)laceme7it  bij  a  metal  ])rese7ited  to  it  in  the  form  of  a  hydrate.'" 
Acids  are  of  different  basicities,  according  to  the  number  of  atoms 
of  displaceable  hydrogen  they  contain  : — 

A  monobasic  acid  contains  one  atom  of  displaceable  hydrogen,  that  is, 
of  hydrogen  that  may  be  displaced  by  a  metal,  e.g.  : — 

HNO3  (nitric  acid)  forms  KNO3,  NaNOg,  Ca"2(N03). 
HCl  (hydrochloric  acid)  forms  KCl,  NaCl,  CaTL. 

A  polybasie  acid  contains  two  or  more  atoms  of  displaceable  hydro- 
gen. It  is  called  dibasic  when  it  contains  two  atoms  of  displaceable 
hydrogen  {e.g.,  HgSO^);  tribasic  when  it  contains  three  atoms  (e.g., 
H3PO4);  and  so  on. 

Ttpes  of  Different  Acids. 
(1.)  (a.)  A  monobasic  acid  has  been  regarded  as  formed  on  the  type 
of  a  single  molecule  of  water  ^  jj  |  0  j  where  one  hydrogen  atom  of  the 

water  molecule  has  been  displaced  by  a  compound  monatomic  radical. 

(/3.)  The  anhydride  of  such  monobasic  acid  is  regarded  as  formed  by 
the  displacement  of  both  hydrogens  of  the  water  molecule  by  two 
molecules  of  the  compound  radical. 

(y.)  The  salt  of  such  monobasic  acid  is  regarded  as  formed  by  the  dis- 
placement of  the  second  hydrogen  atom  of  the  acid,  by  a  metal. 

Illustrations  of  a,  (3,  and  y,  will  be  seen  as  follows  : —  • 

(«•)    H^'  }  0  =  HNO3  (acid). 

I  0  =  N2O5  {anhydride). 

(y-)  I  0  =  KNO3  {salt). 

(2.)  (a.)  A  dibasic  acid  has  been  regarded  as  formed  on  the  type  of 

a  double  molecule  of  water         j  0^,  where  two  hydrogen  atoms  of  the 

double  water  molecule  have  been  displaced  by  a  compound  diatomic 
radical. 

{ji.)  The  anhydride  of  such  dibasic  acid  is  formed  by  the  displace- 
ment of  the  four  hydrogen  atoms  by  two  atoms  of  the  compound 
diatomic  radical. 

(y.)  The  salt  of  such  dibasic  acid  is  formed  by  the  displacement  of 
one  or  both  hydrogen  atoms  of  the  acid  by  a  metal. 
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If  oue  of  the  hydrogens  only  be  displaced  by  a  metal,  an  acid  salt 
is  formed  ; — if  both  hydrogens  be  displaced  by  the  same  metal  then  a 
normal  salt  is  formed  ;  whilst  if  the  hydrogens  be  displaced  by  different 
metals,  then  one  variety  of  a  double  salt  is  formed.  Thus  


(a.) 

S02  ■ 

H2  . 

>  0, 

so,  1 

SOo  1 

(r-) 

S02 1 

KH 

SO2 

^2 

: 

(3.)  Similarly,  a  trtbastc  acid  is  regarded  as  formed  on  a  treble  water 
H  ) 

type  H   )       ;  (a)  ihe  acid  resulting  when  the  H3  is  replaced  by  a 

triatomic  compound  radical  ;  (/3)  the  anhydnde  when  the  2H3  is 
replaced  by  two  atoms  of  the  triatomic  radical ;  and  {y)  the  salts  when 
one  or  more  of  the  hydrogens  of  the  acid  is  replaced  by  a  metal. 


Thus- 


(«.)  }  Os^R^VO^iacid). 

PO  ) 

pQ  I  O3  =  P2O5  (anhydride). 

(rO  I  ^3  =  Na3P04  {salt). 


II.  Bases. 

A  Base  is  "  a  compound  body  capable  of  being  converted  into  a  salt  by 
the  action  of  an  acid,  and  of  thereby  more  or  less  neutralizing  the  reactions 
of  the  acid.'"    Bases  may  be  divided  into  three  classes  : — 

(1.)  Co?npounds  of  metals  with  oxygen,  such  as  baryta  (BaO),  lime 
(CaO).  A  metal  usually  forms  but  one  oxide  capable  of  producing 
salts  with  acids  ;  but  to  this  general  rule  there  are  many  exceptions. 
Thus— 

The  protoxide  of  iron  (FeO)  forms  salts  (e.g.,  FeOjSOg)  distin- 
guished as  protosalts,  or  more  commonly  as  ferrous  salts. 
^  The  peroxide  of  iron  (FcgOg)  forms  salts   (e.g.,  FeoOsjSSOg)  dis- 
tinguished as  persalts,  or  more  commonly  as  ferric  salts. 

(2.)  Compounds  of  metals  loith  the  compound  radical  hydroxyl  (HO) 
(hydroxides,  e.g.,  sodic  hydrate  NaHO  (soda)  ;  potassic  hydrate  KHO 
(potash),  etc.).  A  hydroxide  consists  of  one  or  more  water  molecules, 
where  one  or  more  of  the  hydrogens  are  replaced  by  a  metal.  Thus— 

I  0  =  K'HO  ;  I  O2  =  Ca"  H2O2. 
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The  soluble  hydroxides  are  called  alkalies,  and  have  the  power  of 
blueing  red  litmus. 

(3.)  Certain  compounds  tvith  nitrogen,  pkosplwrus,  arsenic,  and 
antimony,  such,  for  example,  as  ammonia  (NH3). 

III.  Salts. 

A  Salt  is  "  a  compound  formed  by  the  mutual  action  of  an  acid  and 
a  base."  The  name  given  to  the  salt  depends  on  the  base  and  acid 
present.  Thus  sodium  nitrate  implies  a  salt  formed  by  a  combination 
of  sodium  and  nitn'c  acid  ;  sodium  nitrite,  a  salt  formed  by  a  combina- 
tion of  sodium  and  nitrotcs  acid. 

Salts  are  binary  compounds,  containing  (to  use  convenient  language) 
an  electro  positive  and  an  electro  negative  constituent.  Thus  NaCl  is 
the  type  of  haloid  salts,  where  the  metal  sodium  is  in  direct  contact 
with  the  halogen  chlorine. 

Varieties  of  Oxt-,  Sulpho-,  and  Double  Salts. 

(!•)  Oxy-Salts.  Cojnjmmds  formed  from  an  oxygen  acid,  hy  the 
displacement  of  all  or  a  part  of  its  hydrogen  by  a  metal  or  by  a  compound 
radical.    Of  these  we  recognize. several  classes  as  follows  : — 

(a.)  Normal  Salts,  i.e.,  a  salt  where  all  the  displaceable  hydrogen  of 
the  acid  is  exchanged  for  an  equivalent  amount  of  a  metal  or  of  a  ^lositive 
compound  radical.    Thus,  for  example, 

K2SO4  from  H2SO4  ;  NaNOg  from  HNO3  ;  Ca"32(P04)  from  2H3PO4. 

A  normal  salt  was  formerly  termed  a  neutral  salt,  that  is,  a  salt 
which  neither  reddens  blue-litmus  nor  blues  red-litmus.  Neutrality, 
however,  depends  more  on  chemical  energy  than  on  actual  proportion. 
Thus  ZnSO^  reddens  blue  litmus,  and  NagCOg  blues  red  litmus,  whilst 
other  normal  salts,  such  as  KNO3,  are  strictly  neutral.  Yet  in  none 
of  these  is  any  free  acid  or  base  present. 

(/3.)  Acid  Salts,  i.e.,  a  salt  in  lohich  the  displaceable  hydrogen  of  the  acid 
is  only  partially  exchanged  for  a  metal  or  positive  compound  radical.  Acid 
salts  are  invariably  salts  of  polybasic  acids.  All  acids,  the  hydrogen 
of  which  plays  the  part  of  a  metal  atom,  are,  in  a  sense,  salts.  Thus — 

E:HS04  is  derived  from  H2SO4  ;  HNagPO*  from  H3PO4. 

(y.)  Basic  Salts,  i.e.,  a  salt  where  the  quantity  of  the  metal  or  com- 
pound radical  exceeds  the  number  of  the  atoms  of  displaceable  hydrogen  in 
the  acid.  In  other  words,  where  the  proportion  of  base  present  pre- 
dominates over  or  is  in  excess  of  the  acid.    Thus — 

HgS04,2HgO      =  Turpeth  Mineral. 
CuCOa^CuHnOj  =  Malachite. 
2PbC0,.PbH,0o  =  White  lead. 
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(2-)  Sulpho-Salts— Co;wpo«mrfs  analogoics  to  oxysalts,  hat  containina 
sulphw' m  the  place  of  oxygen.  Thus— 

Sodic  sulph-arsenate  ;       SNcagSjAsgSs,  or  Na3AsS4  ; 
Argentic  sulph-arsenite ;  AgjAsSg. 

(3.)  Double  Salts— Comjmonds  where  the  displaceable  hydrogens  of 
the  acid  are  exchanged  by  different  metals  or  compound  radicals.  Thus 
Kochelle^salt  is  a  compound  formed  from  tartai-ic  acid  (H0C4H4O6)  in 
which  the  two  atoms  of  displaceable  hydrogen  are  displaced  by  an 
atom  of  sodium  and  of  potassium  respectively  (KNaC4H406). 

Double  salts  may  be  formed,  and  more  often  are  formed,  from  oxides 
of  different  classes.  Thus  common  alum  consists  of  potassium  and 
aluminium  sulphate,  K,S04,AUS04  =  K,A\A^O,.  Double  salts  may 
also  be  formed  by  a  combination  of  haloid  salts.  Thus  2KCl,PtCl 
forms  potassium  platinic  chloride.  These  combinations  are  regarded  as 
molecular  rather  than  atomic. 

The  terms  oxychloride,  oxyiodide,  etc.,  imply  compounds  formed  by  the 
union  of  one  or  more  molecules  of  a  metalHc  oxide  with  a  molecule  of 
a  chloride,  iodide,  etc.,  of  the  same  metal.  Thus  the  compound 
PbCl2,7PbO  is  termed  oxychloride  of  lead  (Turner's  yellow). 

We  shall  now  consider,  in  order,  the  compounds  of  the  metals  with 
the  non-metallic  elements. 

I.— Oxides. 

Definition. — Compounds  of  a  metal  Avith  oxygen. 

Preparation  of  Oxides.— I.  Hydrated  oxides.  By  precipitating  a 
metallic  salt  Avith  an  alkaline  hydrate  : — 

ZnS04      +      2KH0      =      KSO,       +  ZuH^Os. 
Zinc  sulphate   +  Potassic  hydrate  =  Potaseium  sulphate  +  Hydrated  zinc  oxide. 

II.  Anhjdrous  oxides.  (1.)  By  burning  a  metal  in  air  or  oxygen,  as 
in  the  case  of  Zn,  As,  Pb,  K,  Na.  (A  protoxide  may  often  be  con- 
verted into  a  p>eroxide  by  heating  it  in  a  current  of  air  or  oxygen.) 

(2.)  By  the  ignition  of — 

(a.)  Nitrates;  nitric  anhydride  being  expelled  (Hg,  Bi,  Cu, 
Ba,  Sr). 

(Ji.)  Carbonates;  COg  being  expelled.    (This  occurs  Avith  most 

carbonates,  those  of  Cs,  Eb,  Na,  K,  Ba,  Li  excepted.) 
(y.)  Hydrated  oxides  (Fe). 

(^.)  Suljyhates  (as  those  of  alumina,  ferric  oxide,  etc.). 
(3.)  All  acid  oxides  may  be  prepared  by  deflagrating  the  metal 
or  its  sulphide  Avith  nitre. 

(4.)  By  the  electrolysis  of  their  aqueous  solutions. 

Varieties  of  Oxides. — Oxides  may  be  divided  into  three  classes  : 

I.  Basic  or  alkaline  oxides;  i.e.,  oxides  that  act  as  bases  (AggO, 
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PbO  ;  FeoO;;).  These  bodies  form  hydrated  oxides  by  combination 
■with  water  (hydroxides),  and  possess  the  property  of  neutralizing  acids, 
forming  salts.  When  basic  oxides  are  soluble  in  water,  their  solutions 
turn  red  litmus  blue. 

II.  Neutral,  saline  or  indifferent  oxides;  i.e.,  oxides  that  exhibit  very 
slight  disposition  to  enter  into  combination  (MnOa). 

III.  Acid  oxides  or  metallic  anhydrides ;  i.e.,  oxides  (such  as  AsgOa) 
which  form  acids  by  their  combination  with  water. 


Table  of  Oxides. 


Names. 


I.  Suboxides 


[I.  Monoxides 


I.  Sesquioxides 


Three -four 
Oxides  . . 


Dioxides 


Trioxides  . . 

f.  Anhydrides. . 
[I.  Tetroxides 


Formiila. 


'm;o 


(a.)  M',0 
(|8.)  M"0 


M"',03 


or 


(a.)  MivQj 
(/3.) 

(7  )  M'vO, 


TjTes. 


'Cu'^O 


Ag,0 
Ca"0 


AI-O3 


FeaO, 


PtO, 


SnOj 
Cr03 

As,Os 


Metals  belonging 
to  the  group. 


Cu,  Pb,  Hg 


The  metals  of  the 
alkalies  with  Tl', 
Ag',  and  the  met- 
als of  the  alka- 
line earths :  also 
Mg",  Zn",  Cd", 
La",  Di",  Th". 

Protoxides  of  Ce", 
U",  Co",  Ni", 
Fe",  Cr"  Mn", 
Sn",  Cu",  Pb", 
Hg",  Pd". 

Al,  Ce,  Fe,  Mn, 
Cr,  Sb,  Ei,  U. 

Co,  Ni. 

As,  Au. 

Fe,Cr,U,Mn,  Ni, 
Co, 

Also  double  oxides 


as 


FeCCr^Oa 


(chrome  iron- 
stone) ;  MgO, 
AljOj  (spinelle) ; 
ZnO,Al203(Gah. 
nile) 
Pt,  Pd 

Na,  Ag,  Pa,  Ca, 
Sr,  Mn,  Pb 


Sn,  Ti 

Cr,  Mo.  W,  Eu, 
Fe,  Mn 
As,  V,  Sb, 
Ru,  Os 


Characteristics 
of  group. 


Basic.  A  dyad  metal  becoming 
equivalent  to  a  single H atom. 

Unstable  bodies  easily  decom- 
posed. 

Basic.  The  alkaline  oxides 
combine  with  water  to  form 
hydrates,  one  molecide  of 
each,  forming  two  molecules 
of  hydrate  (Na,0 -j-HoO  = 
2NaH0). 

The  alkaline  earth-oxides  also 
form  hj  drates,  one  molecule 
each  of  the  oxide  and  water 
forming  one  molecule  of  hy- 
drate (CaO-f  H^O  =  CaHjO,,). 

Feebly  Basic.  Salts  redden 
litmus. 

Neutral.  Evolve  CI  with  HCl. 
Feebly  acid. 

Neutral.  By  the  action  of 
acids  they  form  MO-l-MoOg. 


Feebly  Baste.  Form  hydrates 
(PtOj.'iHjO). 

Neutral  bodies,  or  else  form 
very  unstable  salts  which 
evolve  0  with  H^SO^.  "With 
HCl  they  either  furnish 
hydroxyl  or  evolve  chlorine. 

Acid,  as  hydrates. 

Acid  (metallic  anhydiides). 

Acid. 

Volatile —  Oxygen  easily 
evolved 
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Properties  of  the  Oxides— («.)  Physical,  etc.  The  oxidesare 
solid  bodies  of  varied  color,  having  generally  a  more  or  less  metallic 
taste,  but  no  smell.  They  are  harder  than  the  actual  metals,  but  of 
less  specific  gravity. 

Action  of  Heat  on  metallic  oxides. — (A.)  Fusibility.  An  oxide  of  a 
metal  is  generally  less  fusible  than  the  metal.  To  this  general  rule- 
there  are  three  exceptions,  viz.,  FeO;  CrgOa;  M0O3. 

(i.)  Some  oxides  are  volatile  at  ordinary  temperatures  (AsgOg; 

SbgOg;  OSO4). 

(ii.)  Some  oxides  fuse  at  a  red  heat  (KgO;  NagO;  PbO;  BigOs). 
(iii.)  Some  oxides   are   infusible   at   a  white  heat  (CuO; 

M0O3;  CroOa;  Fe304). 
(iv.)  Some  oxides  need  the  heat  of  the   oxy-hydrogen  jet 

(BaO;  SrO;  ALOs). 
(v.)  Some  oxides  are  infusible  (zirconia,  yttria). 

(B.)  Reduction.  At  a  red  heat  certain  oxides  are  completely,  whilst 
others  are  only  partially,  decomposed: — 

(i.)  Reduction  is  complete  in  the  case  of  the  oxides  of  Au,  Ag, 
Pt,  Pd,  Hg,  etc. 

(ii.)  Reduction  is  2Jartial  in  the  case  of  such  peroxides  as  PbOo, 
C02O3,  NioOa,  BaOo.  These  by  heat  become  protoxides, 
viz.,  Pb"0,  Co"0,  Ni"0,  Ba"0.  Again,  the  anhydrides 
AS2O5  and  CrOs  become  when  heated  AsgOg  and  CrgOg, 
whilst  MnOo  becomes  MuaOi. 

(C.)  Heated  in  a  current  of  hydrogen,  all  the  oxides  may  be  com- 
pletely reduced,  excepting  ALOj,  Cr^O-^,  MnO,  and  the  oxides  of  the 
alkalies  and  alkaline  earths  (CuO  +  H2=Cu  +  H20).  The  oxides  of 
mercury,  silver,  platinum  and  gold  are  reduced  at  212°  F.  (100°  C), 
and  the  rest  at  a  red  heat. 

Note  here  recijirocal  action.  Free  hydrogen  reduces  the  oxide  of 
iron,  steam  being  formed,  whilst  steam  passed  over  red  hot  iron  yields 
oxide  of  iron  and  free  hydrogen. 

(D.)  Heated  with  carbon,  all  the  oxides  may  be  reduced,  except 
lithia,  alumina,  and  the  oxides  of  the  earth-metals.  In  the  case  of 
the  readily  oxidizable  metals  (as  K,  Zu,  Fe,  etc.),  CO  is  evolved,  the 
CO2  first  produced  undergoing  decomposition  ;  whilst  with  the  less 
readily  oxidizable  metals  (such  as  Cu,  Pb,  etc.),  the  CO2  evolved  is  not 
further  reduced. 

Action  of  Electricity  on  metallic  oxides. — The  protoxides  are  electrical 
insulators,  whilst  some  of  the  peroxides  are  conductors. 

Action  of  Water  on  the  oxides. — The  oxides  of  the  alkaline  metals, 
together  with  the  oxides  of  barium,  strontium,  calcium,  and  thallium, 
and  the  hydrated  acid  oxides,  are  freely  soluble  in  water  ; — the  oxides 
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of  lead,  silver,  and  mercuiy  are  slightly  soluble  in  water.  The 
remaining  oxides  are  insoluble. 

Most  oxides  unite  chemically  with  water  to  form  hydroxides 
(hydrated  oxides).  All  hydroxides  neutralise  acids.  In  some  instances 
the  metal  will  not  part  with  its  water  molecule  at  any  temperature,  as 
in  the  case  of  the  alkaline  hydrates,  Avhilst  with  other  hydrates,  heat 
easily  effects  separation. 

Chemical. — The  chemical  properties  of  the  oxides  differ,  the 
variations  depending  to  a  great  extent  on  the  different  degrees  of 
oxidation  of  which  the  metal  is  capable.  Thus  of  the  oxides  of  man- 
ganese, MnO  and  MnjOg  are  basic  oxides  ;  Mn304  is  an  indifferent 
oxide  (that  is  neither  basic  nor  acid)j  whilst  MnOg  and  MngO^  are 
acid  oxides.  As  a  rule  the  higher  the  oxide,  the  less  marked  is  its 
basic  character. 

Action  of  Chlorine  on  the  oxides. — All  metallic  oxides  are  decom- 
posed when  heated  in  an  atmosphere  of  chlorine,  except  magnesia  and 
the  oxides  of  the  earths.  The  metal  is  reduced  in  the  case  of  the 
oxides  of  the  noble  metals,  whilst  in  other  cases  a  metallic  chloride  is 
formed.  Chlorine  decomposes  certain  oxides,  as  AggO,  at  ordinary 
temperatures. 

In  the  case  of  the  hydrated  oxides  of  the  alkalies  and  alkaline 
earths,  chlorine  forms  with  them  bleaching  compounds.  With  the 
hydrated  oxides  of  iron,  manganese,  chromium,  cobalt,  and  nickel,  it 
forms  either  a  mixture  of  a  chloride  with  a  hydrated  sesquioxide 
(3CoH202  +  Cl2=CoC]2  +  Co2H606)  ;  or  if  the  liquid  be  strongly 
alkaline,  a  sesquioxide  only  (2CoH202  +  2KHO  +  C]2=Co2H606  + 
2KC1)  ;  or  if  the  metal  be  capable  of  forming  an  acid,  a  salt  results 
by  the  action  of  the  acid  on  the  excess  of  alkali  (Fe2H606+ lOKHO  + 
3  C]2=2K2Fe04  +  6KC1  +  8H2O  ) . 

Action  of  Suljjhur  on  the  oxides. — At  high  temperatures  sulphur 
decomposes  most  metallic  oxides,  with  the  exception  of  MgO,  AI2O3,. 
Cr203,  SnOo,  Ti02,  'ind  the  oxides  of  the  earths  proper.  In  most 
cases  a  sulphide  is  formed,  and  SO2  escapes  ;  whilst  in  the  case  of  the 
oxides  of  the  alkalies  and  alkaline  earths,  a  mixture  of  a  sulphide  with, 
a  sulphate  of  the  metal  is  formed. 

Action  of  Nascent  Hydrogen  on  the  oxides.— Kosi  oxides  are  decom- 
posed by  nascent  hydrogen. 

Action  of  Acids  on  the  metallic  oxides.— (I.)  Hydrochloric  acid.— In 
most  cases,  water  and  a  corresponding  metallic  chloride  are  formed 
Thus— 

Cuprous  oxide  forms  cuj^rous  chloride  (Cu20  +  2HCl=H20  +  Cu2Cl2). 
Sesquioxides  form  sesqiiichlorides  (Fe2O3  +  6HCl=3H2O  +  re20l6). 
Binoxides  form  tetrachlorides  (Sn03  +  4HC1=2H20  + SnCl.i)' 
If  chlorides  corresponding  to  the  oxides  do  not  exist,  other  changes 
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result.  Tims  in  the  case  of  the  followhig  oxides,  the  reactions  noted 
occur  : — 

Antimonic  oxide ;  SboOj  +  6HC1=3H20  +  28101.3. 
Dimanganic  trioxide  ;  Mn^O-^  +  6HC1=3H20  +  2MnCl2  +  Clg. 
Manganese  dioxide ;  MuOo  +  4HC1 =2H20  +  MnCl2  +  Gig. 
Chromic  anhydride  ;  2CvO^  +  12HC1=6H20  +  CrgClg  +  3CI„. 
(2.)  Sulphuric  .IczU— Sulphuric  acid  combines  with  basic  oxides  to 
form  salts,  the  acid  displacing  other  acids  with  which  the  oxide  may 
be  united  (page  8) ;  whilst  in  the  case  of  indifferent  or  acid  oxides, 
the  sulphuric  acid  combines  with  the  base  formed,  and  sets  free 
oxygen.    Thus,  2Mn02  +  2H2S04=2MnS04  +  2H20  +  02. 

In  all  cases  where  sulphuric  acid  acts  on  oxides,  water  is  formed, 
whilst  when  it  acts  on  the  metals,  hydrogen  is  liberated. 

(3.)  Sulphuretted  Hydrogen  (HgS).— Most  metallic  oxides  (except 
magnesia,  alumina,  and  chromic  oxide)  are  converted  by  HgS  into 
sulphides  or  sulph-hydrates  of  the  metal  and  water— 

PbO  +  H2S=PbS  +  H20. 


The  Haloid  Salts  (Chlorides,  Iodides,  Bromides,  Fluorides). 

II.— Chlorides. 

Definition. — Compounds  of  metals  with  chlorine  (the  radical  of 
HCl).  [Chlorine  also  combines  with  the  non-metals  {e.g.,  HCl,  SCL, 
PCI5),  and  also  with  radicals  or  groups  of  atoms  {e.g.,  C2H5CI  =  chlo- 
ride of  ethyl,  etc.).] 

Natural  History. — The  chlorides  are  found  in  all  three  kingdoms 
of  nature,  chiefly  in  combination  with  the  alkalies.  Sodium  and 
potassium  chlorides  occur  in  sea  water  and  in  rock  salt.  Mercu- 
rous  chloride  (Hg2Cl2)  and  silver  chloride  (AgCl)  occur  as  natural 
minerals. 

Preparation. — (l.)  By  the  direct  action  of  chlorine,  either  (a)  on 
a  metal  (Mg  +  Cl2  =  MgClg)  ;  or  (/3)  on  a  basic  oxide,  either  in  the  cold 
(as  AgCl),  or  when  heated  to  redness,  whereby  the  oxygen  of  the 
oxide  is  expelled  ;  or  (y)  on  a  heated  mixture  of  carbon  and  a  metallic 
■oxide,  whereby  carbonic  oxide  is  evolved  (M'gO  +  C  +  CIs  =  2M'C1  + 
CO)  ;  or  (g)  on  a  std2yhide,  whereby  a  chloride  of  sulphur  and  a  metallic 
chloride  are  formed. 

(2.)  By  dissolving  a  metal  in  aqua  regia  (this  being  in  reality  the 
action  of  nascent  chlorine),  evaporating  the  solution  to  dryness,  and  re- 
dissolving  the  residue  in  water  {e.g..  An,  Pt,  etc.). 

(3.)  By  the  action  of  hydrochloric  acid  gas,  either  (a)  on  a  metal 
(Na2  +  2HCl  =  2NaCl+H2);  or  (/3)  oh  an  oxide  of  a  metal  (CuO  + 
2HC1=  CUCI2  +  H2O) ;  or  (y)  on  a  stdphide  of  a  metal. 

(4.)  By  dissolving  either  a  metal,  or  an  oxide,  hydrate,  or 
carbonate  of  a  metal  in  liquid  hydrochloric  acid,  and  evaporating. 
The  hydrated  chlorides  may  be  prepared  by  this  process.  Many 
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hydrated  chlorides,  however,  evolve  their  chlorine  as  HCl,  when  their 
solutions  are  evaporated — 

(MgClj  +  H20=MgO  +  2HC1). 
(5.)  The  insoluble  chlorides  may  be  prepared  by  adding  hydro- 
chloric acid  (or  a  soluble  chloride)  to  a  salt  of  the  metal  {e.g.,  AgCl, 
PbClg,  HgoCL). 

(6.)  A  chloride  of  a  metal  may  sometimes  be  formed  by  treating  the 
metal  itself  with  the  chloride  of  another  metal,  whereby  the  first 
metal  will  appropriate  the  chlorine  of  the  second  metal.  Thus,  if 
sodium  be  heated  with  magnesium  chloride,  sodium  chloride  and  free 
magnesium  are  produced  ;  or  if  potassium  be  heated  with  nranous 
chloride,  potassium  chloride  and  free  uranium  are  formed.  (Similarly,. 
SnCl4,  SbCl3,  or  BiClg  may  be  prepared  by  heating  Sn,  Sb,  or  Bi 
with  HgCL.) 

Varieties  of  Chlorides. — (l.)  Subchlorides  (MoClo);  as  e.g., 
Mercurous  chloride  (HggClg),  Cuprous  chloride  (CugClg). 

(2.)  Monochlorides  (M'Cl  as  KOI)  ;  Dichlorides  {WCl^  as  Ca"C]3)  ; 
Trichlorides  (M"'Cl3  as  Sb"'Cl3)  ;  Tetrachlorides  (M'^CU  as  Pt'^CU)  ; 
Pentachlorides  (M^Clg  as  Sb^Cls) ;  Hexachlorides  (M^Cls  as  Mo'^Clg). 

(3.)  SesquicMorides  (M!"^C\q)    as  Ferric  chloride  (FesClg). 
One  metal  is  often  found  to  combine  with  chlorine  in  more  than  one 
proportion.    Thus — 

(a.)  FeClg  Ferrous  chloride  ;  and  FeaClg,  Ferric  chloride. 
(/3.)  PtClg,  Platinous  chloride  ;  and  PtCl4,  Platinic  chloride. 

Properties. — (a.)  Sensible  and  Phjsical. — The  colors  of  the  chlorides, 
are  various  ;  the  alkaline  chlorides  are  white.  Their  taste  is  mostly 
saline  or  bitter.  Generally  they  have  no  odor.  They  usually  crys- 
tallize in  cubes,  but  sometimes  in  square  prisms  (HggClg),  sometimes 
in  rhombohedra  (CaClg),  and  sometimes  in  oblique  prisms  (BaClg). 
Some  chlorides  are  soft,  as  argentic  chloride  (horn  silver),  and  those 
chlorides  known  as  metallic  butters  (SbClg  ;  SnCla)  ;  whilst  some  are 
liqxiid,  and  are  known  as  metallic  oils  (SbClg  ;  AsClg).  When  exposed 
to  the  air  they  are  mostly  deliquescent. 

Action  of  Heat.— (\.)  They  are  all  fusible  and  volatile.  (1.)  Some 
volatilize  at  about  212°  F.  (100°  C.)  ;  e.g.,  Al^Clfi,  Fe^CJg,  AsClg, 
etc.  ;  (2.)  some  at  a  red  heat,  e.g.,  NiClg  ;  (8.)  but  most  of  them  at  a 
higher  temperature. 

(ii.)  Some  are  partly  decomposed  by  heat.    Thus  2CuCl2  becomes, 
at  a  red  heat,  CugCla  +  Cla. 

(iii.)  Some  are  completely  decomposed  by  heat;   as,  e.g., 
PdClg,  AuClg. 

(iv.)  Many  (the  chlorides  of  the  noble  metals  excepted)  when  ignited 
in  air  or  oxygen  are  decomposed,  with  the  formation  of  an  oxide  and 
the  escape  of  chlorine. 
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(v.)  Many  (the  chlorides  of  the  alkaline  metals  and  those  of  barium 
and  mercury  excepted)  when  heated  in  the  presence  of  water,  form 
oxides  and  hydrochloric  acid,    [N.B.  Bismuth  forms  an  oxychloride.] 

(vi.)  All  (excepting  the  chlorides  of  the  alkalies  and  alkaline  earths) 
when  ignited  in  a  free  current  of  hydrogen  are  decomposed,  hydrochloric 
acid  being  formed. 

Solubility  in  Water. — The  chlorides  are  generally  deliquescent,  and 
very  soluble  in  water.  PbClg  is,  however,  only  very  slightly  soluble, 
whilst  AgCl,  HggClg,  AuCl,  and  PtClg  are  insoluble. 

Solubility  in  Alcohol  and  Ether. — Most  chlorides  are  very  soluble  in 
alcohol,  but  NaCl  is  only  slightly  soluble,  and  some  others,  as  KCl, 
BaClg,  AgCl,  and  HgjClg  are  insoluble.  Excepting  those  of  the  noble 
metals,  the  chlorides  are  insoluble  in  ether. 

Action  of  Light. — Some  chlorides,  as,  e.g.,  AgCl,  are  decomposed  by 
exposure  to  light. 

Action  of  Electricity. — The  chlorides  are  mostly  decomposed  by 
electricity. 

(/3,)  Chemical. — The  chlorides  have  generally  an  acid,  but  never  an 
alkaline  reaction.    The  chlorides  of  the  alkaline  metals  are  neutral. 

Water  dissolves  most  chlorides  without  decomposition,  but  there 
are  certain  exceptions,  such,  e.g.,  as  SbCl^,  BiCls,  SnClgj  which  form 
hydrochloric  acid  and  an  oxychloride  when  treated  with  water 
(BiCl,  +  H20=2HC1  +  BiClO). 

Acids,  especially  when  heated,  decompose  the  chlorides  (argentic 
and  mercurous  chlorides  excepted),  setting  free  hydrochloric  acid. 
All  the  soluble  chlorides,  when  heated  with  sulphuric  acid  and  man- 
ganese dioxide,  evolve  chlorine,  which  is  also  commonly  given  oS 
when  they  are  heated  with  nitric  acid.  The  chlorides  of  the  metals 
combine  amongst  themselves  (2KCl,PtCl4),  also  with  the  chlorides  of 
the  non-metals  (KCljIClg)  to  form  double  chlorides,  and  also  with 
metallic  oxides,  to  form  oxy-chlorides  (3HgO,HgCl2). 

Tests. — (!•)  For  the  soluble  chlorides : — 

(a.)  Argentic  nitrate :  a  white  precipitate  of  AgCl,  insoluble  in  nitric 
acid,  soluble  in  ammonia,  in  potassic  cyanide,  and  in  sodium  thiosul- 
phate.    The  precipitate  of  AgCl,  blackens  on  exposure  to  light. 

(^.)  Mercurous  nitrate :  a  white  precipitate  of  mercurous  chloride 
(calomel)  [Hg2(N03)2  +  2NaCl=2NaN03-|- HggCy  soluble  in  chlorine 
water,  and  blackened  by  ammonia. 

(y.)  Plumbic  acetate ;  in  strong  solutions,  a  white  crystalline  pre- 
cipitate of  plumbic  chloride  (PbClg),  soluble  in  excess  of  water. 

(2.)  For  the  insoluble  chlorides  (AgCl,  HgaClg,  PbClg)  : — 

Boil  the  insoluble  chloride  in  a  pure  soltition  of  potassic  hydrate, 
filter  off  the  undissolved  oxide,  acidulate  the  solution  with  nitric  acid, 
and  test  with  argentic  nitrate  for  chlorine. 

[Note. — PbClg  is  readily  soluble  in  boiling  water.] 
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Estimation  of  Chlorides.— lOO  grains  of  AgCl=24-74  of  chlorine. 
Uses. — Common  salt  in  diet,  etc.     Mercury  and  other  chlorides 
are  used  iu  medicine. 

III.  Iodides. 

Definition. — Compounds  of  metals  with  iodine  (the  radical  of  HI). 

Natural  History. — The  iodides  are  found  in  all  three  kingdoms  of 
nature,  but  chiefly  in  sea  and  in  mineral  waters,  and  in  the  plants  and 
animals  living  therein.    Argentic  iodide  is  a  natural  mineral. 

Preparation. — l-  («.)  By  the  direct  union  of  iodine  and  the  metal 
{e.g.,  Hglo,  Asia,  Bilg,  HgJa,  Alglg,  Snl^)  ;  or  >y  passing  iodine 
vapor  over  metallic  oxides,  either  alone  or  mixed  with  carbon. 

2.  By  the  action  of  hydriodic  acid  on  metals  (Hg),  or  on  the 
oxides,  hydrates,  and  certain  salts  (as  AgCl)*of  the  metals. 

3.  By  the  action  of  iodine  on  a  solution  of  the  alkalies  and  alkaline 
earths,  whereby  an  iodide  and  an  iodate  are  formed,  the  iodate  on 
ignition  becoming  an  iodide  (Process  of  P.B.  for  making  KI). 

4.  The  insoluble  iodides  may  be  prepared  by  adding  a  metallic  salt 
to  a  solution  of  potassium  iodide  (  Hglg,  Agl,  Pblg,  SnL). 

Properties. — The  iodides  are  closely  allied  to  the  chlorides. 

(a.)  Sensible  and  Physical.  The  alkaline  iodides  are  white,  but  the 
remainder  (as  Hglg,  Pblg,  etc.),  are  generally  colored.  They  com- 
monly crystallize  in  cubes.  They  are  mostly  soluble  both  in  alcohol 
and  in  water;  but  Hggig,  Hgig,  Agl,  Bilg,  Pdig,  are  insoluble  in  water, 
and  Pblg  is  but  very  slightly  soluble. 

Action  of  Heat.  The  iodides  are  less  fusible  and  less  volatile  than 
the  corresponding  chlorides  : — 

(1.)  Most  iodides  are  fusible,  and  many  are  volatile  at  a  high  tem- 
perature. 

(2.)  When  ignited  in  air  or  oxygen  they  are  usually  decomposed, 
iodine  being  set  free  and  an  oxide  of  the  metal  formed  (Exceptions— 
KI,  Nal,  Pblj,  Bilg).  In  the  case  of  Aul,,  Agl,  Ptl^,  Pdig,  the 
metal  is  reduced  and  iodine  set  free. 

(3.)  When  heated  in  the  presence  ofwcUer,  they  are  mostly  decomposed 
into  hydriodic  acid  and  an  oxide  of  the  metal. 

Light  acts  on  many  of  the  iodides.  Thus  Agl  is  blackened  ;  Ho-„I„ 
IS  decomposed  into  Hg  and  Hglj. 

(/3.)  Chemical.  The  iodides  are  decomposed  (1)  by  chlorine  and  bro- 
mine iodine  being  set  free;  (2)  by  hydrochloric  acid,  hydriodic  acid  and 
a  chloride  of  the  metal  being  formed;  (3)  by  sulphuric,  nitric  and 
nitrous  acids,  and  (4)  by  being  heated  with  sulphuric  acid  and  man- 
ganese dioxide,  when  iodine  is  evolved.  The  iodides  of  those  metals 
which  form  acids  with  oxygen,  viz.,  Snl„  Tel^,  Aslg,  are 

decomposed  by  water,  and  an  oxide  of  the  metal  precipitated. 

The  iodides  readily  combine  amongst  themselves ;  also  with  oxides, 


304 


HANDBOOK  OF  MODERN  CHEMISTRY. 


forming  oxy-iodides  (such  as  SblO  and  BilO,  formed  by  the  action  of 
water  on  Sblj  and  Bil,  respectively),  and  with  chlorides  (SnT2SnCl4). 
Moreover,  the  metallic  iodides  absorb  ammonia  in  definite  proportions.  ' 

Tests  for  Iodides— (1.)  Starch  water  (a  trace  either  of  chlorine 
water  or  of  nitric  or  sulphuric  acid  to  liberate  the  iodine  being  added), 
gives,  with  a  soluble  iodide,  the  blue  iodide  of  starch. 

(2.)  Mercuric  chloride  (HgCls),  a  scarlet  ppt.  of  mercuric  iodide 
(Hgig)  soluble  in  excess  both  of  the  iodide  and  of  the  test  solution. 

(3.)  Plumbic  acetate,  a  yellow  ppt.  of  plumbic  iodide  (Pblj),  soluble 
in  hot  water,  and  precipitated  in  yellow  crystalline  scales  on  cooling. 

(4.)  Argentic  nitrate,  a  buff  ppt.  of  argentic  iodide  (Agl),  insoluble 
in  nitric  acid,  very  sparingly  soluble  in  ammonia,  soluble  in  potassic 
cyanide. 

(5.)  A  inixture  of  cupric  sulphate  and  ferrous  sulphate,  a  white  ppt.  of 
cuprous  iodide  (Cugla).   (2CuS04  +  2FeS04  +  2KI=Cu„I„  +  K.S0^  + 
Fe23S04). 

(6.)  Salts  of  Palladium,  a  brown  ppt.  of  Palladious  iodide  (Pbl„),  in- 
soluble in  water.    (The  PdClg  is  freely  soluble.) 

Estimation.— If  chlorides  and  bromides  be  absent,  the  iodide  may 
be  estimated  as  Agl  (100  grs.=54-04  I)  ;  but  if  chlorides  and  bromides 
be  present,  it  must  be  precipitated  as  Pdlg  (100  grs.=70-457  I). 

Uses .— lu  medicine.  KI  (a  solution  of  which  is  used  as  a  solvent 
for  iodine),  Cdig  or  Feig  (prepared  by  direct  union),  Pblj  (prepared 
by  the  action  of  KI  oa  Pb2N03),  and  Sjlo  are  officinal. 

IV.— Bromides. 

Definition. — Compounds  of  metals,  etc.,  with  bromine. 
Natural  History. — Bromides  are  found  in  sea-water  and  in  saline 
springs.    Argentic  bromide  occurs  as  a  natural  mineral. 

Preparation. — Their  preparation  corresponds  to  that  of  the  iodides  : — 

(1.)  By  the  direct  union  of  a  metal  with  bromine  (SnBr4). 

(2.)  By  the  action  of  hydrobromic  acid  on  a  metal  (SnBrg)  or  on  the 
carbonate  (BaBrg),  or  soluble  salt  (HgaBrg)  of  the  metal. 

(3.)  By  the  action  of  bromine,  dissolved  in  CSg,  on  an  oxide  (AsBrg). 

(4.)  Mercurous  bromide.  By  the  action  of  mercury  on  mercuric 
bromide,  and  afterwards  subliming. 

Varieties. — These  correspond  to  the  chlorides. 

Properties.— (a-)  Physical.— T\iqj  are  all  solid.  They  may  all  be 
fused  and  volatilized,  excepting  AuBrg  and  PtBr4,  which  are  decom- 
posed by  heat.  They  are  nearly  all  soluble  in  water,  AgBr^,  HggBro, 
and  PbBrg  being  the  least  soluble. 

(^.)  Chemical. — Heated  in  chlorine,  the  bromides  are  decomposed 
and  undergo  conversion  into  chlorides,  bromine  being  liberated.  Heated 
with  hydrochloric  acid,  hydrobromic  acid  is  evolved.  They  are  all 
decomposed  by  sulphuric  and  nitric  acids,  hydrobromic  acid  being 
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set  free,  which  is  itself  decomposed  if  the  sulphuric  or  the  nitric  acid 
he  in  great  excess,  when  free  bromine  is  evolved,  together  with  S0„  or 
NOj.  Bj  the  joint  action  of  sulphuric  acid  and  manganese  peroxide 
the  bromides  evolve  free  bromine.  The  bromides  combine  amongst 
themselves  and  with  sulphides,  as  well  as  with  oxides  to  form  oxy- 
bromides  (such  as  SbBrO  and  BiBrO,  antimonious  or  bismuthous  oxy- 
bromides,  formed  by  the  action  of  water  on  SbBrg  or  BiBrg).  They 
also  absorb  ammonia  freely. 

Tests  for  Bromides.— (1.)  Add  to  the  solution  of  a  bromide  a  little 
chlorine  loater  or  a  few  hMles  of  chlorine  (avoiding  excess).  The 
liquid  becomes  red  from  bromine  being  set  free.  Divide  this  into 
two  parts  (a  and  /3)  :  — 

(a.)  Shake  up  one  part  ivith  ether  or  ivith  carbon  disulphide,  by  which 
means  the  bromine  may  be  dissolved  out  of  the  solution. 

(fi.)  -Add  starch  water,  when  the  yellow  bropiide  of  starch  will  be 
fonned. 

(2.)  Arffentic  nitrate;  a  whitish-yellow  ppt.  of  argentic  bromide 
(AgBr),  insoluble  in  hot  nitric  acid,  sparingly  soluble  in  ammonia 

(3.)  Mercurmcs  nitrate  (iRg,)"2N0,)  ;  a  yellowish-white  ppt  of 
wercurmcs  bromide  (Hg„Br„),  soluble  in  chlorine  water,  bromine  being 
set  free.  ° 

(4.)  Plumbic  acetate;  a  white' ppt.  of  plumbic  bromide  CBh-Ev^  less 
soluble  in  water  than  PbCl„.    Soluble  in  dilute  nitric  acid. 

(o.)  Palladium  nitrate  (in  solutions  not  containing  chlorides);  a  black 
ppt.  of  jmlladium  bromide. 

Estimation  of  Bromides.— in  the  absence  of  chlorides  and  iodides 
the  bromme  may  be  estimated  as  AgBr  (100=42-55  Br). 

(prepared  by  the  action  of 
HBr  on  NH3),  FeBr,  (prepared  by  direct  union),  KBr  (prepared  as 
KL),  are  officmal. 

v.— Fluorides. 

Definition.— Compounds  of  metals,  etc.,  with  fluorine 
Natural  History.-The  fluorides  are  abundant   in  the  mineral 
kingdom,  and  are  also  found  in  animals  and  vegetables 

flufriKf  rr^l'?  ''^'^"^      I^ydrofluoric  acid  or  of  calcic 

^:Z^.'^!^:^.  oxide  or  carbonate,  etc. 

of^!iuorr^"'^'"-f''"''^^  be  prepared  by  mixing  a  solution 
of  a  salt  of  the  metal  with  a  solution  of  potassium  or  sodfnm  fluoride. 

m  cubes.    Sihcic  fluoride  (SiF^)  is  a  gas. 

Action  of  Ileat-All  the  fluorides  fuse  by  heat  (fluo,  to  flow) 
Many,  such  as  SbF3,  ASF3,  Cr,F„   HgF„  Lf„  ZuF^'zif!  Ii. 
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volatile.  They  are  not  decomposed,  either  when  ignited  alone  or  with 
carhon. 

Action  of  Wafer. — A  few  fluorides  are  freely  soluble  in  water  (as 
AgF,  SnF4),  their  solutions  corroding  glass  ;  some  are  sparingly  soluble 
(as  KF,  NaF,  FcoFg),  but  the  majority  are  insoluble.  AsF,  is  de- 
composed by  water.  Antimonious  fluoride  (SbF,)  forms,  on  the  addi- 
tion of  water  SbOF. 

(13.)  Chemical. — The  fluorides  of  ammonium,  sodium,  and  potassium 
have  an  alkaline  reaction.  When  ignited  in  a  current  of  steam  they 
jform  oxides  of  the  metals  and  hydrofluoric  acid.  When  ignited  in  a 
current  of  chlorine  many  of  them  are  decomposed,  and  a  chloi-ide  of 
the  metal  produced. 

The  fluorides  are  not  readily  acted  on  by  nitric  acid.  With  sulphuric 
acid  they  evolve  hydrofluoric  acid,  leaving  a  metallic  sulphate.  They 
exhibit  a  marked  tendency  to  combine  amongst  themselves,  as 
SnF4,2KF  (called  a  stannico-fluonde,  corresponding  to  and  isomorphous 
with  the  silico-fluorides),  or  ZrF4,2KF  (called  zircono-jluorides),  or 
ThF4,2KF  (called  thoro-Jluorides),  or  NbF5,2KF  (called  niobo-Jluorides), 
or  SiF4,2KF  (called  silico-fluorides,  ov  fluosilicates) .  They  also  combine 
with  another  molecule  of  the  acid  (IIF,  KF). 

Tests. — (1.)  The  fluorides  give  precipitates  with  salts  of  lead, 
barium,  and  magnesium,  but  no  precipitate  with  nitrate  of  silver. 

(2.)  A  salt  of  calcium  gives  an  almost  invisible  jelly-like  precipitate 
of  CaFg,  rendered  more  apparent  on  the  addition  of  ammonia.  The 
precipitate  is  not  very  soluble  in  acids,  but  when  treated  with  sulphuric 
acid,  fluorine  is  evolved,  which  acts  on  glass. 

Estimation  of  Fluorides. — Mix  the  fluorides  with  powdered  glass 
and  sulphuric  acid,  and  distil  into  an  ammonia  solution.  The  SiF4 
which  comes  over  is  decomposed  by  the  water.  Evaporate  the  con- 
tents of  the  receiver  to  dryness,  by  which  means  the  silica  will  be 
rendered  insoluble.  Dissolve  out  the  ammonium  fluoride  with  water, 
and  weigh  the  silica.  (Wilson.) 

Uses. — Chiefly  for  glass  etching. 


VI.— Sulphides  (Sulphurets). 

Definition. — Compounds  of  metals,  etc.,  with  sulphur. 
Natural  History. — Found  largely  in  the  mineral  kingdom. 

Preparation. — (1-)  By  the  direct  union  of  sulphur  with  a  metal 
(such  as  CuS,  FeS,  PbS,  SnS),  or  with  a  metallic  oxide.  In  this 
latter  case,  however,  a  variable  pi'oportion  of  sulphate  is  formed 
simultaneously  with  a  sulphide. 

(2.)  By  heating  a  metallic  oxide  in  a  current  of  HgS  or  CSo  vapor. 
In  this  way  titanium  sulphide  maybe  prepared  from  titanic  anhydride 
(TiOs  +  CSs^TiSs-l-COs). 
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(3.)  By  the  ignition  (veductiou)  of  sulpliates,  either  (a)  with  carbon 
or  Avith  un  organic  substance  (as,  e.g.,  in  the  preparation  of  sulphides 
of  the  alkalies  and  alkaline  earths)  when  CO  is  evolved  (1^2804  +  40  = 
IVgS  +  iCO)  ;  or  {(o)  in  a  current  of  hydrogen,  as,  e.g.,  in  the  prepara- 
tion of  the  protosulphides  of  the  alkalies,  and  the  subsulphides  of 
other  metals,  when  some  of  the  sulphur  volatilizes. 

(4.)  By  the  precipitation  of  metallic  solutions,  either  (a)  by  sul- 
phuretfed  hydrogen,  the  solution  of  the  salt  of  the  metal  being  acid  in 
the  case  of  the  formation  of  SboSs,  SnSg,  -A.S0S3,  AU2S3,  PtSo;  or 
either  acid  or  neutral  in  the  case  of  PbS,  HgS,  AggS,  BigSg,  CuS, 
CdS:  or,  (/3.)  By  an  alkaline  sidphide,  e.g.,  ZnS,  MnS,  etc. 

Formation  op  Sulphides  by  HoS. 

Class  I. — Metals  not  precipitated  bij  H2S,  their  sulphides  leing  soluble  in  water.* 
Examples  (K,  Na,  Li,  Ba,  Sr,  Ca,  Mg). 

Class  ir. — Metals  precipitated  by  H^S  in  an  Acid  solution,  but  not  in  an  Alkaline 
solution,  their  sulphides  forming  double  and  soluble  salts,  with  the 
alkalies. 

Hence :  they  arc  soluble  in,  and  not  precipitated  by,  an  excess  of  ammo- 
nitim  sulphide. 

Examples  (Sb,  Sn,  As,  Au,  Pt). 

Class  111.— Metals  precipitated  by  HjS  in  an  Alkaline  solution,  but  not  in  an  Acid 
solution,  the  acid  dissolving  the  sul^jhide.    They  do  not  form  double 
compounds  with  the  alkalies. 
Hence:  they  are  insoluble  in,  and  precipitated  by,  ammonium  sulphide. 
Examples  (Ni,  Go,  Zn,  Mn,  Fe). 

Class  lY.— Metals  precipitated  by  alkaline  sulphides  as  oxides,  and  not  as  sulphides. 

Examples  (Cr,  Al). 

Class  \.— Metals  precipitated  by  H^S,  both  in  an  acid  and  alkaline  solution. 

Hence:  they  are  precipitated  equally  by  H^S,  and  ammonic  stdphide. 
Examples  (Pb,  Hg,  Ag,  Bi,  Cu,  Cd). 

Properties.— (a.)  Physical.— All  metallic  sulphides  are  solid,  and 
many  are  crystalline  (cubic).  They  are  of  various  colors  ;  thus,  ZnS  is 
white;  MnS  isfeshred;  CdS,  AS2S3,  SnSo,  are  yelloio;  SnS  is  chocolate; 
whilst  the  rest  are  more  or  less  black.  Many  have  a  metallic  lustre. 
The  sulphides  of  the  alkali  metal  and  those  of  barium  and  strontium 
are  freely  soluble  in  water  ;  calcium  and  magnesium  sulphides  are 
slightly  soluble,  whilst  the  rest  are  insoluble.  They  are  generally 
fusible  and  volatile.  The  further  action  of  heat  upon  them  will  be 
studied  under  the  next  head,  "  Chemical  Properties." 

(/3.)  Chemical. — There  is  a  close  relationship  between  the  oxides 
and  the  sulphides.    As  oxygen  often  combines  with  a  metal  in  more 

*  Baudrimont  (Joum.  Pharmac.  Chem.,  Series  IV.  xxii.  15-19)  points  out  that  a 
40=  Baume  solution  of  sodic,  and  probably  of  potassic  hydrate  at  15°  C,  is  pre- 
cipitated by  H^S,  the  precipitate  having  the  composition  ]Sra„S,  9HjO.  It  is  very 
soluble  in  water. 
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than  one  proportion,  forming  protoxides  and  peroxides,  so  sulphur 
forms  protosulphides,  as  ferrous  sulphide  (FeS),  and  persulphides  as 
ferric  sulphide  (FooSy).  This  law,  however,  is  not  absolute.  There  is 
no  sulphide,  e.g.,  corresponding  to  MnOo,  and  no  oxides  corresponding 
toKgS,  and  K2S5  (?). 

Action  of  Air. — On  exposure  to  air,  even  at  common  temperatures, 
some  sulphides  become  sulphates  (CUS  +  O4  =  CUSO4),  an  action 
utilized  in  the  separation  of  copper  from  tin.  Some  {e.g.,  those 
metallic  sulphides  which  form  alkaline  oxides),  when  exposed  to 
moist  air,  yield,  in  the  first  instance,  a  mixture  of  an  oxide  with  a 
bisulphide,  and  afterwards  of  an  oxide  with  a  thiosulphate,  this  latter 
being  formed  by  the  further  oxidation  of  the  bisulphide.    Thus — 

(a.)      INagS      +    Oo     =    2]Sra20     +  21sa2S2. 

Sodium  sulphide  +  Oxygen  =  Sodium  oxide  +  Sodium  bisulphide. 

(/3.)        2Na2S2         +    3O2    =  2Na2S203. 

Sodium  bisulphide  +  Oxygen  =      Sodium  thiosulphate. 

Some  sulphides,  when  exposed  to  the  air,  part  with  their  sulphur 
and  become  oxides.  In  this  way  the  spent  oxide  of  gas-works  is 
"  revivified."    Thus — 

4FeS         +     3O2     =     2Fe203     +  2S2. 
Ferrous  sulphide    +    Oxygen    =    Ferric  oxide    +  Sulphur. 

Some  sulphides  combine  with  oxides  to  form  oxy-sulpliides 
(Sb2032Sb2S3),  and  some  with  carbon  disulphide  to  form  stdj^ho- 
carbonaies  (1^28,082). 

Action  of  Heat.— {a.)  The  protosulphides,  if  air  be  excluded,  are 
not  decomposed  by  heat. 

(/3.)  Heated  in  the  presence  of  air,  some  sulphides  are  partially 
decomposed,  as,  e.g.,  FeS2  becomes  FeS.  Some  are  changed  into 
sulphates,  as,  e.g.,  in  the  formation  of  zinc  sulphate  from  blende 
(Zn8  +  202  =  ZUSO4).  In  some  the  sulphur  is  expelled  as  sulphurous 
anhydride,  and  a?i  oxide  of  the  metal  formed,  as,  e.^.,  in  extracting  copper 
from  the  ore  (CU2S  +  2O2  =  2CUO4-SO2).  In  some  cases  the  metal  is 
entirely  reduced,  as,  e.g.,  AugSg,  PtSg  ;  whilst  in  others  a  mixture  of 
the  reduced  metal  with  a  sulphate  is  formed  (Ag). 

(y.)  Some  sulphides  sublime  when  heated,  as,  e.g.,  AS2S3  {orpiment), 
and  HgS  {cinnabar). 

(I.)  Some  sulphides  are  reduced  when  heated  in  a  stream  of  hydrogen, 
as,  e.g.,  Ag2S,  CuS,  BioSs,  SnS2,  Sb2S3. 

(e.)  Some  sulphides  are  reduced  when  heated  with  iron,  as,  e.g.,  PbS, 
SnS2. 

(^.)  All  sulphides  are  decomposed  when  heated  in  a  stream  of  chlo- 
rine, chloride  of  sulphur  and  a  chloride  of  the  metal  being  formed. 

Action  of  Adds. — Cold  dilute  sulphuric  apid  and  also  hydrochloric 
acid  dissolve  most  of  the  sulphides,  sulphuretted  hydrogen  being 
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eTolved.  With  HCl  a  cliloride  of  the  metal  is  formed  (SbgSa  +  SHCl 
=  2SbCl3  +  3H2S.)  The  sulphides  of  cobalt,  of  nickel,  and  of  jDlati- 
niim  are  not  acted  upon  by  hychochloric  acid  unless  the  sulphides 
be  boiled  in  the  acid.  All  sulphides  (excepting  mercuric  sulphide) 
are  decomposed  by  nitric  acid,  sulphuric  acid  and  a  nitrate  of  the 
metal  being  formed.  They  are  all  freely  attacked  by  nitro-hydro- 
chloric  acid. 

Action  of  Sulphuretted  Hydrogen.  SuljjJi-hydrates. — When  sulphuretted 
hydrogen  is  passed  through  a  solution  of  the  sulphide  of  an  alkali 
metal  or  of  an  alkaline  earth  metal,  soluble  sidph-hydrates,  hydro- 
sulphides  or  hydric-sulphides,  as  they  are  called,  are  formed  (KgS  +  HgS 
=  2KHS).  This  compound  holds  an  intermediate  position  between 
sulphuretted  hydrogen  and  the  ordinary  sulphide,  and  closely  cor- 
responds in  constitution  to  a  hydrate.  The  ammonium  hydric- sulphide 
(NH4HS)  belongs  to  this  class.  The  sulph-hydrates  smell  of  sul- 
phuretted hydrogen,  the  gas  being  set  free  when  they  are  acted  upon 
by  a  metallic  salt,  a  reaction  serving  to  distinguish  them  from  simple 
sulphides  (2NH,HS-|-MnS04  =  (H4N)„S04+MnS  +  H„S). 

Sulphides  (like  oxides)  are  both  basic  and  acid.  Thus,  an  acid 
sulphide  (as  AsgSg)  may  react  on  a  basic  sulphide  (as  NagS)  to  form 
a  new  and  double  compound,  such  as  (SNagSjAsgSs.)  Most  of  these 
double  sulphides  are  soluble  in  water.  The  importance  of  this  fact  in 
analysis  is  manifest,  inasmuch  as  we  are  often  able  in  a  mixed 
precipitate  of  metallic  sulphides,  to  dissolve  out  one  sulphide  by  the 
addition  of  a  sulphide  of  an  alkali  metal  (as  NH4HS). 

Action  of  Alkalies  and  Alkaline  Carbonates. — The  sulphides  are 
decomposed  by  fusion  with  alkaline  carbonates  or  with  hydi-ated 
alkalies. 

Tests  for  the  Sulphides  : — 

(1.)  Heated  with  the  blowpipe  they  emit  an  odor  of  SOg. 
(2.)  Moistened  with  HCl  they  evolve  HgS,  which  blackens  lead 
paper. 

(3.)  Sodium  nitro-jmisside  gives  a  purple  color  with  a  neutral  or 
alkaline  solution  of  a  sulphide. 

Estimation  of  Sulphides  :— 

(1.)  By  first  oxidizing  the  sulphur  to  sulphuric  acid  by  aqua 
'  regia  or  chlorine,  and  afterwards  precipitating  the  sulphuric  acid  as 
BaSO^  (100  BaS04  =  13-73  of  S.). 

(2.)  To  determine  the  quantity  of  free  HgS  or  of  a  soluble  sulphide 
:  present  in  solution,  mix  the  solution  with  a  little  starch  water  and 
;  acidulate  with  acetic  acid  ;  add  to  this  a  standard  solution  of  iodine 
in  potassium  iodide,  until  the  blue  iodide  of  starch  is  formed. 

The  H2S  converts  the  iodide  into  HI,  whilst  sulphur  is  set  free 
<  (2H2S  +  2l2  =  4HI+S2). 
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VII.— Nitrides. 

Definition. — Compounds  of  a  metal  with  nitrogen. 

Examples. — Magnesium  nitride  (MggNs),  mercuric  nitride  (Hg^.-jNo), 
copper  nitride  (CugNo),  chromium  nitride  (CrN). 

Preparation.— (1.)  By  heating  the  metal  (Mg  ;  Cr)  or  an  oxide  of 
the  metal  (HggNo  ;  CiigNg)  in  nitrogen. 

(2.)  By  the  action  of  gaseous  ammonia  on  the  chloride  (CrN). 

Properties. — Certain  of  the  nitrides  are  decomposed  by  moisture 
(Mg3N2  +  3H20  =  2NH3  +  3MgO).  They  all  undergo  decomposition 
by  heat,  and  frequently  with  explosive  violence. 

Vin.— Arsenides. 

Definition. — Compounds  of  a  metal  Avith  arsenicum  (As),  such  as 
copper  arsenide  (CugAso),  Avhich  is  found  native. 

IX.  and  X.— Selenides  and  Tellurides. 

Definition. — Compounds  of  metals  with  selenium  or  tellurium. 

These  compounds  are  closely  allied  to  sulphides. 

The  presence  of  selenium  may  be  known  by  the  peculiar  smell 
emitted,  when  the  selenide  is  heated  in  the  reducing  flame  of  the 
blowpipe. 

XI.  — Phosphides. 

Definition. — Compounds  of  metals  with  phosphorus. 
Natural  History. — The  phosphides  are  never  met  with  native. 
Preparation. — In  one  or  other  of  the  following  ways  : — 
(1.)  By  the  direct  union  of  phosphorus  with  a  metal  under  petroleum 
(Au,  Pt,  Ca). 

(2.)  By  igniting  a  metal  with  a  mixture  of  phosphoric  anhydride 
(or  a  phosphate)  and  carbon. 

(3.)  By  passing  the  vapor  of  phosphorus  over  lime. 

(4.)  By  passing  phosphotetted  hydrogen  through  a  solution  of  a 
metallic  salt  or  over  a  chloride  {e.g.,  Cu). 

Properties. — The  phosphides  are  brittle  solids,  with  a  metallic 
lustre.  They  are  decomposed  by  heat,  especially  in  the  presence  of 
air,  with  the  formation  either  of  a  phosphate  or  of  phosphoric  anhydride 
and  the  free  metal.  The  phosphides  of  the  alkalies  and  of  the  alkaline 
earths  decompose  water,  generating  self-inflammable  phosphoretted 
hydrogen; 

XII.  — Carbides. 

Definition. — Compounds  of  metals  with  carbon. 

The  carbides  of  iron  are  the  only  ones  of  importance.  Manga- 
nese, palladium,  etc.,  also  form  carbides.  The  carbides  are  usually 
more  fusible  than  the  metals. 
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XIII.  and  XIV.— Silicides  and  Borides. 

Definition. — Compounds  of  metals  with  silicon  and  boron, 
A  boride  of  magnesium  (MggBa),  may  be  prepared  by  heating  the 
metal  with  amorphous  boron  in  a  closed  crucible. 
The  Cyanides  will  be  considered  under  Cyanogen. 

XV.— Hydrides. 

Definition.  —  Compounds  of  a  metal  with  hydrogen.  Only  six 
metals  form  true  hydrides,  although  many  other  metals  mechanically 
absorb  hydrogen. 

Preparation. — By  heating  the  metal  in  a  current  of  hydrogen 
(K4H2,  Na^Ho,  Pd^Hg). 

(2.)  By  the  reducing  action  of  hypophosphorous  acid  on  a  sulphate 
(CU2H2). 

(3.)  By  electrolysis  ;  using  the  metal  as  the  negative  electrode 

Illustrations  of  the  metals  that  form  hydrides : — 

Potassiiim  ....  (K^Hj)  A  crystalline  mass;  inflames  spontaneously  in  air.  Dis- 
sociation commences  at  752°  F.  (400°  C.)  in  a  hydrogen 
atmosphere  at  noimal  pressure,  and  at  392°  F.  (200°  C.) 
in  vacuo. 

Sodium    ......  (Na^Hj)    Sp.  gr.  0'959.    More  permanent  than  K^Hj.  Dissociates 

in  hydrogen  at  420°  C,  and  in  vacuo  at  788°  F. 
(300°  C). 

Copper   (CujHj)    A  liquid.     Decomposes  at  140°  F.  (60°  C.)  Inflames 

spontaneously  in  chlorine. 
PaUadium    ....  (Pd^H^)    (&e  Palladium.) 

Ai-senioiun    (AsHj)    {Sec  Ai-senicum.)    A  gas.    A  solid  hydride  of  arsenicum 

is  helieved  to  exist. 
Antimony   (SbHg)    (<Sse  Antimony.) 


OXYSALTS. 

Definition. — Salts  formed  from  an  oxygen  acid,  by  the  displace- 
ment of  a  part  or  all  of  its  hydrogen  by  a  metal,  or  its  equivalent. 

I.— Sulphates. 

Definition. — Salts  formed  from  sulphuric  acid  (H2SO4). 

Natural  History. — The  sulphates  are  found  in  the  animal,  vege- 
table, and  minei'al  kingdoms. 

Varieties  and  Constitution. — («•)  Normal  Sulphates  (M'^SO^). 

Sulphates  where  all  the  displaceable  hydrogen  of  the  HoSO.!.  is  ex- 
changed for  a  metal,  etc.  (as  K2SO4,  Ba"SO.i,  Pb"S04,  etc'). 

(/3.)  Acid  Sulphates  (M'HS04").    Sulphates  where  the  displaceable 
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hydrogen  of  the  H,SO,  is  only  partially  exchanged  for  a  metal,  etc., 
(.as  i-l^at504,  hydnc  sodic  sulphate,  also  called  bisulphate). 

(y.)  Basic  Sulphates.  Sulphates  where  the  base  present  is  iu 
excess  of  the  acid,  (as,  e.g.,  ng"SO„  or  HgS0,.2Hga  turpeth 
mmeral).  °  ^ 

(a.)  Double  Sulphates  are  formed  by  the  combination  of  two  sulphates 
as,        in  the  alums  (K2S04,Al„3S04+24  4(7.). 

Many  sulphates  are  anhydrous  (Ba,  Sr,  Pb,  Ag);  some  contain  5 
molecules  of  water  (Cu)  ;  most  contain  7  molecules  (Mg,Zn  Fe  Co)  • 
and  some  10  molecules  (Na).  The  alums  contain  from  12  'to  27 
molecules. 

Preparation.-(l.)  By  the  artificial  or  spontaneous  oxidation  of 
sulphides^  Thus  FeS  and  CuS,  by  roasting  or  by  exposure  to  weather, 
become  FeS04  and  CUSO4. 

(2.)  By  the  action  of  sulphuric  acid  on  a  metal,  or  an  oxide,  car- 
bonate, or  other  salt  of  a  metal : — 

(a.)  The  action  of  a  dilute  acid  on  metals  is  accompanied  with 
the  evolution  of  hydrogen  {e.g.,  Zn  +  H2S04=ZnS04-|-H2). 

(/3.)  The  action  of  a  concentrated  acid  and  heat  on  the  metals 
is  accompanied  Avith  the  evolution  of  sulphurous  anhydride  {eg 
Cu,  Ag,  Sb,  Sn,  Hg);  (Cu  +  2H2S04=CuS04  +  2H,0  +  SOo). 

(y.)  Action  on  oxides  {e.g.,  ZnO  +  H2S04=ZnS04+  H^O ; 
— 2Mn02  +  2H2S04=2MnS04  +  2H„0  +  O^). 

(a.)  Action  on  sulphides  {e.g.,  FeS  +  H2S04=FeS04  +  I-l2S). 

(f.)  Action  on  hydrates  {e.g.,  MnH„02  +  H2S04=MnS04+ 

(^)  Action  on  carbonates,  {e.g.  Na2C03-i-H2S04=NnoS04  + 
H2O  +  CO2). 

(7,.)  Action  on  chlorides  {e.g.,  2NaCl  +  H„S04=Na2S04  + 
2HC1). 

(N.B.— Sulphuric  acid  displaces  all  acids  that  boil  at  a  lower  tem- 
perature than  itself). 

(3.)  By  the  action  of  sulphurous  anhydride  on  metallic  peroxides  

(S02  +  Pb02=PbS04). 

(4.)  The  insoluble  sulphates  are  formed  by  adding  a  soluble  sulphate 
to  a  soluble  salt  of  the  metal.  Thus— (BaCU  +  HoSO.  =  BaSO^ 
-I-2HC1). 

(N.B. — The  sulphates  often  occur  as  residues  in  the  preparation  of 
volatile  acids.  Thus  K2SO4  is  obtained  in  the  nitric  acid,  and 
Na2S04  in  the  hydrochloric  acid  manufacture.) 

Properties. — («.)  Physical. — The  sulphates  are  all  crystallizable 
solids.  The  crystals  are  of  different  shapes  ;  viz.,  cubic,  as  in  the 
alums ;  singly  oblique,  as  in  the  sulphates  of  sodium,  iron,  and  cobalt, 
and  in  the  non-aluminous  double  sulphates  ;  doubly  oblique,  as  in 
the  sulphates  of  copper  and  manganese.    They  are  generally  white. 
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but  some  few  are  colored.  Their  taste  is  usually  a  saline-bitter  and 
astringent.    They  have  no  odor. 

Action  of  Heat. — (i.)  The  normal  sulphates  of  the  alJjalies  and  of 
the  alkaline  earths,  and  plumbic  sulphate,  are  not  decomposed  by 
heat. 

(iii.)  The  sulphates  of  Mg,  Mu,  Zn,  Cd,  Ni,  Co,  and  Cii  are  decom- 
posed by  an  intense  heat,  SOg  and  0  being  evolved  (CuS04=CuO-H 
SOa  +  O).    (Thus,  ZnS04  lifis  been  suggested  as  a  source  of  oxygen.) 

(lii.)  The  remaining  sulphates  are  easily  decomposed  when  heated, 
sulphuric  anhydride  being  evolved  in  the  case  of  the  sulphates  of 
the  noble  metals,  and  sulphurous  and  sulphuric  anhydrides  in  the 
remainder  (2FeS04=Fe„03  -|-  SO2  +  SO3). 

The  sulphates  are  mostly  soluble  in  water,  and  many  soluble  in 
alcohol. 

(A)  Chemical. — All  the  sulphates  redden  litmus,  except  the 
normal  sulphates  of  the  alkalies  and  alkaline  earths. 

Heated  loith  carbon  or  with  hydrogen,  they  may  all  be  decomposed. 
Different  reactions  occur  as  follows  : — 

(i.)  In  some  cases,  as  with  the  sulphates  of  the  alkalies  and 
alkaline  earths,  a  sulphide  is  formed.  CO,  HoO,  or  HgS  being 
evolved*  (K2S04-^C4=K2S  +  4CO;  KoS04  +  4H2=K2S  +  4H20). 

(li.)  Sometimes  an  oxide  is  formed  (Mg,  Zn). 

(iii.)  Sometimes  an  oxy-sulphide  is  formed  (Sb,  Mn). 

(iv.)  Sometimes  the  metal  is  reduced  (Cu,  Hg,  Bi,  Ag,  and  the  noble 
metals). 

[Note  that  in  those  cases  where  a  sulphide  is  formed  from  a  sulphate 
by  heating  with  carbon  (e.^  ,  BaS04  +  4C=BaS  +  4CO),  the  presence 
of  the  sulphide  may  be  known  by  moistening  the  resulting  sulphide 
with  HCJ,  and  testing  for  H2S  with  lead  paper.] 

Action  of  Acids.— Nitric  acid  and  hydrochloric  acid  act  on  the  neutral 
alkaline  sulphates,  forming  acid  sulphates  and  chlorides  respectively. 
The  fixed  acids,  such  as  boric  acid  and  phosphoric  acid,  when  fused 
with  the  sulphates,  decompose  them,  liberating  sulphuric  anhydride 
{see  page  6). 

Action  of  Water.— The  sulphates  generally  are  soluble  in  water, 
but — 

(i.)  The  basic  sulphates,  with  BaS04,  PbSOi.  and  Sn2S04  are 
insoluble. 

(ii.)  SrS04,  CaS04,  Ag2S04  are  nearly  insoluble. 

(lu.)  HgS04  is  decomposed  by  the  action  of  water  into  "turpeth 
mmeral"  (2HgO,HgS04),  ^  similar  result  occurring  in  the  case  of  the 
sulphates  of  bismuth  and  antimony. 

•  Note.— la  waters  containing  calcium  sulphate  and  organic  matter,  a  calcium  sul- 
phide is  formed  even  at  ordinary  temperatures,  by  the  reducing  action  of  the  organic 
matter  on  the  sulphate.  The  sulphide  is  decomposed  by  the  carbonic  acid,  H^S  being 
set  free,  which  imparts  to  the  water  an  unpleasant  taste. 
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All  the  insoluble  sulphates  are  decomposed  when  boiled  in  a  solu- 
tion of  sodium  carbonate,  a  soluble  sulphate  and  an  insoluble  carbonate 
being  formed. 

Organic  matter  also  decomposes  the  sulphates. 

Tests  and  Estimation  of  Sulphates.— (A.)  Soluble  sulphates  ;— 

(1.)  A  soluble  barium  salt;  a  white  ppt.  of  BaSO^,  insoluble  in  nitric 
acid.    100  grs.  BaS04=42grsH2SOi. 

(2.)  A  soluble  lead  or  lime  salt ;  a  white  ppfc.  of  PbSO*  or  CaS04. 
(B.)  Insoluble  sulj^hates  :  — 

(1.)  Fuse  the  sulphate  with  a  mixture  of  sodium  and  potassium  car- 
bonates, digest  the  residue  with  water,  and  test  the  filtrate  for  a  soluble 
sulphate  with  BaClg. 

Or,  (2.)  Boil  the  sulphate  in  a  solution  of  sodium  carbonate,  and 
test  the  filtrate  for  a  soluble  sulphate. 

Or,  (3.)  Fuse  the  insoluble  sulphate,  mixed  with  charcoal  and 
sodium  carbonate,  on  charcoal  with  the  blow-pipe.  Touch  the  residue 
formed  with  a  drop  of  acid,  when  HjS  will  be  evolved  from  the 
sulphide. 

Uses. — Plaster  of  Paris  (CaS04)  is  used  in  the  arts.  The  sulphates 
are  largely  used  in  medicine,  especially  Epsom  salts  (MgS04,7H20). 
Glauber's  salts  (Na2S04,  lOHoO) ;  Ferrous  sulphate  or  green  vitriol 
(FeS04,7H20);  Zinc  sulphate  or  lohite  vitriol  (ZnS047H20). 

Allies  of  the  Sulphates. 

Selenates  (from  selenic  acid,  H2Se04)  ;  Chromates  (from  chromic  acid, 
H2Cr04)  ;  Manganates  (from  manganic  acid,  H2Mn04)  ;  Tungstates  (from 
timgstic  acid,  H2WO4) ;  Molybdates  (from  molybdic  acid,  H2M0O4)  ; 
Tellurates  (from  telhiric  acid,  H2Te04). 

II.— Selenates. 

Definition. — Salts  formed  from  selenic  acid  (HgSe04). 

The  selenates  are  isomorphous  with  and  closely  allied  to  the  sul- 
phates. They  are  decomposed  when  boiled  with  hydrochloric  acid, 
chlorine  being  evolved  and  selenic  acid  liberated,  which  suffers  imme- 
diate reduction  to  selenious  acid,  from  a  solution  of  which,  sulphurous 
acid  will  precipitate  reduced  selenium. 

Potassium  selenate,  K2Se04  is  prepared  by  fusing  selenious  anhydride 
with  nitre.  It  resembles  the  sulphate  in  appearance,  but  may  be  dis- 
tinguished from  it  by  its  reaction  with  HCl. 

Tests. — (!•)  Salts  of  barium,  strontium,  and  /eacZ  give  white  ppts., 
insoluble  in  dilute  nitric  acid,  of  BaSe04,  SrSe04,  and  PbSe04  re- 
spectively. 

(2.)  Barium  selenate  may  be  known  from  barium  sulphate  by  the 
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reaction  mentioned  above  Avith  hydrochloric  acid,  and  also  by  its 
emitting  the  characteristic  selenium  odor  when  heated  on  charcoal  witli 
the  blow  pipe. 

Ill— Tellurates. 

Definition- — Salts  formed  from  telluric  acid  (H2Te04).  The 
tellurates  are  unstable  salts.  They  give  a  black  precipitate  with  sul- 
phuretted hydrogen.  When  heated  they  evolve  oxygen,  a  tellurite 
remaining. 

Potassium  and  sodium  tellurates  (KgTeO^  or  NaaTeO^,  and 
2KHTe04,  3HoO),  are  prepared  by  adding  telluric  acid  to  an  alkaline 
carbonate. 

IV. — Chromates. 

Definition. — Salts  formed  from  chromic  acid  (HoCrOJ,  which  is 
only  known  as  a  solution  of  the  anhydride  CrOa. 

Normal  (M'2Cr04),  acid  (such  as  KgCrgOY),  and  basic  (such  as 
PbCr04,PbO)  chromates  are  known. 

The  acid  salts  are  nearly  always  anhydrous,  and  correspond  to  the 
pyrosulphates. 

Although  we  speak  of  acid  chromates,  we  must  observe  that  there 
is  no  acid  chromate  comparable  with  an  acid  sulphate.  If,  for  ex- 
ample, normal  potassium  chromate  (K2Cr04),  be  mixed  with  a  solution 
of  chromic  acid,  KB[Cr04  is  not  formed,  or  (at  any  rate  if  formed)  is 
immediately  and  at  ordinary  temperatures  converted  into  the  normal 
dichromate  and  water  (2KHCr04=  KaCroO^  +  HsO),  the  soluble  di- 
chromates  being  again  converted  into  normal  chromates  on  the  addition 
of  a  base  {K^Cv^Oj  +  2KH0  =  2K2Cr04  +  HgO) . 

The  chromates  are  all  more  or  less  of  a  yellow  or  red  color,  and  act 
as  powerful  oxidizing  agents.  They  are  mostly  very  soluble  in  dilute 
nitric  acid,  and  more  or  less  soluble  in  water,  excepting  lead  chromate, 
PbCr04  (chrome  yellow),  argentic  chromate,  Ag2Cr04,  and  the  basic 
chromates,  which  are  insoluble.  They  are  usually  decomposed  by 
heat.  The  green  chromic  hydrate  (CrgOajTHgO)  is  precipitated  when 
the  chromates  are  treated  with  ammonium  sulphide  (sulphuretted  hydro- 
gen being  evolved),  or  with  the  caustic  alkalies  or  their  carbonates, 
in  which,  excepting  in  the  case  of  ammonium  carbonate,  they  are 
soluble  in  an  excess. 

Tests. — Solutions  yellow  when  neutral,  red  when  acid,  the  color 
becoming  green  when  acted  on  by  reducing  agents,  a  chromic  salt  re- 
maining in  solution.  (1.)  (a.)  Salts  of  silver  a  crimson  ppt.  (AggCrOi). 

(/3.)  Salts  of  bariiim  and  lead,  yellow  ppts.  (BaCr04  ;  PbCrO^). 

(y.)  Mercurous  salts,  a  brick-red  ppt.  (Hg2Cr04). 

These  precipitates  are  soluble  in  nitric  acid,  and  insoluble  in  acetic 
acid. 
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(2.)  Mix  the  dry  chromate  with  an  equal  part  of  chloride  of  sodium 
and  add  two  or  three  drops  of  sulphuric  acid  in  a  test-tube.  Apply 
heat,  when  chromyl-chloride  (chloro-chromic  acid,  CrO^Cl,)  is  set 
tree  and  may  be  known  by  the  red  fumes  that  condense  in  the  cool 
part  or  the  tube, 

(3.)  The  insoluble  chromates  must  be  ignited  on  platinum  foil  with 
a  mixture  of  nitre  and  sodium  carbonate,  by  which  means  a  soluble 
alkaline  chromate  is  obtained  (KNaCrO^).  This  residue  is  to  be  dis- 
solved in  water,  neutralized  with  acetic  acid,  and  tested  with  the 
reagents  described  above. 

(4.)  Chromates  (and  all  chromium  salts)  impart  an  emerald  green 
color  (chromium  borate)  to  the  borax  bead. 

Certain  bodies  termed  chloro- chromates  (such  as  CrO^KCl)  have 
been  prepared. 

v.— Manganates. 

Definition —Salts  formed  from  the  hypothetical  acid  called  man- 
ganic acid  (HoMnO^).  It  is  noteworthy  that  even  the  anhydride 
(MnO.,)  of  this  acid  has  not  been  prepared.  Examples  :  KoMnO.  • 
NaoMnO^  ;  BaMnO^.  s       4 , 

Preparation. — By  the  action  of  heat,  in  air  or  oxygen,  on  a  mixture 
of  manganese  peroxide  with  caustic  potash,  baryta,  etc.,  according  to 
the  salt  required. 

Properties.— The  manganates  are  colored  and  unstable  salts.  They 
are  soluble  iu  water  containing  a  free  alkali.  In  common  water, 
however,  and  more  particularly  if  it  contains  a  trace  of  free  acid  (even 
of  carbonic  acid),  the  salt  is  decomposed  into  manganese  dioxide 
and  a  permanganate  (3K2Mn04  +  2I-l20=2KMn04  +  Mn02  +  4KHO). 
A  manganate  solution  is  decomposed  by  boiling,  the  sohd"  salt  being 
also  decomposed  by  heat  with  the  evolution  of  oxygen.  The  man- 
ganates are  decomposed  by  all  acids  with  sulphurous,  phosphorous, 
and  hypophosphorous  acids  they  are  reduced  to  manganous  salts, 
whilst  with  sulphuric  acid  permanganates  are  formed.  All  organic 
matter  {e.g.,  a  filter  paper)  deoxidizes  them,  setting  free  the  brown 
manganic  oxide  (MngOa).  The  presence  of  alkalies  renders  the  man- 
ganates more  stable. 

Uses. — The  manganates  are  employed  as  disinfectants,  owing  to 
the  readiness  with  which  they  yield  oxygen  to  organic  matter. 
"  Condy's  green  disinfecting  fluid,"  is  a  solution  of  sodium  manganate 
(Na2Mn04)  dissolved  in  potash.  It  turns  red  (a  permanganate  being 
formed)  on  the  addition  of  an  acid. 

[Permanganates.  {See  Index.)  Salts  of  permanganic  acid,  HMUO4, 
e.g.,  KMnO^,  Ba(Mn04)2]. 
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VI.  — Tungstates. 

Definition. — Salts  formed  from  tungstic  acid  (I-LWO4),  They 
resemble  the  salts  of  molybdic  acid. 

Tungstic  acid  forms  botli  normal  and  acid  salts.  The  normal  salts 
are  salts  of  the  acid  HoWO^.  Many  of  the  tungstates  are  of  very 
complex  constitution.  They  all  redden  litmus,  and  are  all  decomposed 
by  hydrochloric  acid,  a  hydrate  of  tungstic  acid  being  precipitated 

(H8W04,H20). 

By  combining  the  normal  salts  with  varying  proportions  of  the  acid, 
certain  poli/tung states  may  be  formed,  whilst  a  further  class  of  meta- 
tungstates  are  known  which  do  not  yield  a  precipitate  with  an  acid, 
except  after  prolonged  boiling. 

Uses. — The  common  sodium  tungstate,  which  is  a  sodium  para- 
tungstate  (NaioWio04i28H20)  is  prepared  by  roasting  the  mineral 
wolfram  with  soda  ash,  and  extracting  the  fused  mass  with  water.  It 
is  used  by  the  calico-printers  as  a  mordant,  and  also  for  the  purpose 
of  rendering  fabrics  uninflammable.  Tungstate  of  barium  has  been 
used  as  a  paint,  in  the  place  of  white  lead. 

VII.  — Molybdates. 

Definition- — Salts  formed  from  molybdic  acid  (H2M0O4).  There 
are  several  hydrates  of  the  oxide  M0O3  which  form  salts. 

Normal  and  acid  molybdates  have  been  prepared.  The  alkaline 
molybdates  are  soluble. 

Ammonium  molybdate  (NH4)6Mo7024,4HoO)  is  used  in  the  labora- 
tory for  the  purpose  of  precipitating  phosphoric  acid.  The  solution 
must  be  first  acidulated  with  nitric  acid,  and  afterwards  boiled.  The 
precipitate,  which  is  yellow  and  crystalline,  is  phospho-molybdate  of 
ammonium,  from  which,  by  the  action  of  aqua  regia,  a  body  having 
the  composition  H3P04,llMo03,12H20  (phospJio-molybdic  acid),  in- 
soluble in  nitric  acid,  but  soluble  in  alkalies,  may  be  obtained. 

VIII.  — Stannates. 

Compounds  of  H^SnOs  (see  Stannic  Acid).  Sodium  stannate  (tin- 
prepare  liquor  Na^SnOa)  is  used  as  a  mordant  in  calico-printing. 
Certain  7neta-sta7inates  (salts  of  meta-stannic  acid)  (such  as  NaoH^ 
SnsOis)  and  sulplio-stannates,  e.g.,  Na2SnS3,7H20,  are  known. 


IX.— Thiosulphates  (sometimes  called  Sulpho-Sulphates  and 

Hyposulphites). 

Definition.— Salts  formed  from  thiosulphuric  acid  (H2S2O3). 
Examples.— FoiiiB^mm  (2K2S2O3,  SMgO);  sodium  (Na2S203,  SILO); 
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ammonium  (Sm,)SA}rhO)  ;  barium  (BaSeO.H^O)  ;  strontium 
(SrSoOa.SHoO)  ;  calcium  (CaSoO.,,  GHgO). 

Sodium  thiosulphate  {hyposulpliite)  (NaeSoOg),  as  it  is  called,  and 
■other  thiosulphates  may  be  prepared  either  (1)  by  digesting  to4ther 
sulphur  and  a  sulphite  (Na2S0,+  S  =  NaeSoO.,),  or  (2)  by  passing  S0„ 
through  a  sohition  of  a  metallic  sulphide.  (3.)  The  ammonium  salt 
[3(NH,)2S203,H20]  is  formed  by  decomposing  calcium  thiosulphate 
with  ammonic  carbonate. 

Sodium  thiosulphate  (NagSgOs)  is  prepared  commercially,  by  ex- 
posing either  the  refuse  of  alkali  works  (soda  or  tank  waste),  or  the 
refuse  lime  of  gasworks  which  contains  calcium  sulphide,  to  the  air, 
whereby  a  calcium  thiosulphate  is  obtained  (2CaS  +  20o  =  CaS.o'  + 
CaO).  When  a  solution  of  this  salt  is  precipitated  with  sodium  clrbo- 
uate,  the  soluble  sodium  thiosulphate  is  formed,  and  calcium  carbo- 
nate is  precipitated  (CaSoOa  +  NagCOs  =  CaCo3  +  Na2S20,). 

The  thiosulphates  have  been  called  sulpho-sulphates,  from  being 
regarded  as  sulphates  where  a  sulphur  atom  has  displaced  an  oxygen 
atom  {e.g.,  Na2SO^=Na2SSO,).  The  thiosulphates  are  all  decomposed 
by  heat  and  by  acids,  sulphurous  acid  being  evolved. 

Uses— Sodium  thiosulphate,  is  used  for  extracting  argentic  chloride 
from  an  ore.  It  is  largely  employed  in  photography,  the  alkaline 
thiosulphates  being  solvents  of  the  insoluble  silver  salts,  thereby 
forming  the  sweet-tasted  argentic  thiosulphate  (AgoSgO,),  which,  with 
any  excess  of  sodium  thiosulphate,  forms  the  compound  NaAgSoOa. 

2AgCI      +     NaoSoO,     =    2]SraCl    +  AgoSgOa. 
Argentic       +        _  Sodic  =       Sodic       +  Argentic 

chloride  thiosulphate  chloride  thiosulphate. 

[Note  :  The  white  silver  chloride,  i.e.,  the  salt  unacted  upon  by 
light,  is  entirely  soluble  in  NaaSoOg.  After  the  AgCl  has  been  exposed 
to  light  it  blackens,  an  argentic  subchloride,  AgeCi,  being  formed 
with  free  chlorine.  When  this  argentic  subchloride  (AgoCl)  is  treated 
with  a  solution  of  a  thiosulphate,  it  is  decomposed  into  AgCl  +  Ag, 
the  chloride  being  soluble  in  the  thiosulphate  solution,  whilst  the 
reduced  metal  remains  undissolved. 

Sodium  thiosulphate  is  also  used  as  an  "  anticUor "  for  removing 
the  last  traces  of  chlorine  from  bleached  goods,  a  process  known  as 
killing  the  bleach."  It  is  also  used  in  medicine  (hyposulphite  of  soda, 
B.P.). 

TestSi — (1.)  Soluble  thiosulphates  dissolve  the  insoluble  argentic 
salts. 

(2.)  Lead  salts ;  white  ppt.  of  lead  thiosulphate  (PbSsOg). 
(3.)  Mercurous  nitrate ;  black  ppt.  of  mercurous  sulphide  (HgoS). 
(4.)  The  thiosulphates  decolorise  an  alcoholic  solution  of  iodine. 
(5.)  A  thiosulphate  is  decomposed  by  HCl,  the  thiosulphuric  acid 
(H2S2O3)  set  free  being  instantly  decomposed  (H„So03  =  HoO  + 
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X.— Sulphites  (closely  allied  to  Carbonates). 

Definition. — Salts  formed  from  sulphurous  acid  (HoSOs).  The  acid 
is  dibasic,  forms  both  normal  salts,  such  as  NaoSOg,  and  acid  salts, 
such  as  NaHSOg. 

Preparation. — By  acting  with  sulphurous  acid  on  the  oxides  or 
on  the  carbonates  of  metals,  either  in  solutiou  or  in  suspension  in 
water. 

Properties. — The  sulphites  are  solid  and  inodorous  salts.  The 
alkaline  sulphites  are  very  soluble  in  common  Avater,  the  sulphites  of 
barium,  strontium  and  calcium  being  also  soluble  in  water  containing 
free  SOo.  lu  such  solution  the  sulphites  exist  as  acid  salts.  On 
evaporation,  decomposition  results  with  the  formation  of  the  normal 
salts  and  free  SOg.    The  remaining  sulphites  are  diflScult  of  solution. 

When  heated  they  are  decomposed  with  the  liberation  of  SOo- 

When  treated  with  sul2}huric  acid  or  with  hydrochloric  acid,  SOg  i% 
evolved.    Nitric  acid  converts  the  sulphites  into  sulphates. 

The  sulphites,  especially    when  moist,  have  a  great  affinity  for 
oxygen,  attracting  it  from  the  air.     They  act,  therefore,  as  powerful' 
reducing  agents,  changing  ferrous  to  ferric  salts,  arsenic  to  arsenious 
acid  ;   reducing    chromic    acid,  and  precipitating   gold,  etc.,  from 
solutions  containing  an  excess  of  hydi'ochloric  acid. 

Tests. — (!•)  A  sulphite,  when  treated  with  hydrochloric  or  other 
strong  acid,  evolves  SOg  (KSO3  +  2HCI  =  2KC1+  SOo  +  HoO).  Sul- 
phurous acid  is  known  by  its  action  on  paper  moistened  with  starch  and 
iodic  acid.  The  iodic  acid  is  reduced,  the  free  iodine  acting  on  the 
starch. 

(2.)  Add  to  a  sulphite  dissolved  in  a  little  water,  a  fragment  of  zinc 
and  hydrochloric  acid  ;  HgS  (known  by  its  blackening  lead  paper)  will 
be  evolved. 

(3.)  Argentic  nitrate;  a  white  ppt.  of  argentic  sulphite  (AgSOg) 
soluble  in  excess  of  the  sulphite.  When  boiled  with  water,  the  metal 
is  partially  reduced,  and  sulphuric  acid  formed  (AgSOa  +  HsO  = 
HaSO^  +  Ag). 

(4.)  Barium  nitrate ;  a  white  ppt.  of  baritm  sulphite,  soluble  in  IICl. 
If  a  few  drops  of  chlorine  water  or  of  nitric  acid  be  added  to  this 
solution,  barium  stdphate  is  formed,  which  is  insoluble  in  acids. 

Uses. — The  sulphites  are  employed  to  check  fermentation,  and  to 
prevent  the  growth  of  fungi.  They  are  also  used  as  "antichlors  "  to 
expel  chlorine  (NaaSOs  +  HoO  +  CI2  =  Na2S04,  +  2HCl). 

XII.— Selenites. 

The  salt  KgSeOs  li£is  been  prepared. 


820 


IIANDUOOK  OF  MODKRN  CIIEMISTUY. 


XIII.— Dithionates  {See  page  J89). 

Definition. — Salts  formed  from  dithionic  acid  HgSoOg. 

Examples.— Votiis^mm  (KoSgOe)  ;  sodium  (Na„S„06~2H„0)  ;  lithium 
(Li2S20(i,2H20)  ;  rubidium  (RbgSoOe)  ;  smimouium  (  (NH4)2S206)  ; 
argentic  (Ag2S206,H20)  ;  barium  (BaS206,2H„0)  ;  strontium  (SrSoOfi' 
HgO);  calcium  (CaS206,4H20).  "  ' 

Preparation.— By  neutralising  a  solution  of  the  acid  with  a  base, 
or  precipitating  a  solution  of  barium  dithionate  with  a  soluble 
sulphate.  The  dithionate  of  manganese  is  prepared  by  passing 
SOo  through  ice-cold  water  containing  peroxide  of  manganese  CMnot 
+  2S02=MnS206). 

Properties. — All  the  dithionates  are  soluble  in  water.  They 
crystallise  easily.  They  are  decomposed  by  heat  (a  sulphate  being 
formed  and  SOg  evolved).  ° 

The  trithionates  (see  page  190)  (salts  of  H2S;,06)  ;  tetrathionates 
(salts  of  HoS^Ofi),  and  ji^ntathionates  (salts  of  HgSsOe)  are  unimportant. 

Action  of  Sulphuric  Acid  on  Oxysulpho  Salts. 

(a.)  On  sulphates.  No  odor  is  evolved,  either  with  cold  or  hot,  or 
with  strong  or  dilute  acid. 

(/3.)  On  sulphites.  The  odor  of  SOg  is  evolved  with  dilute  acid  in 
the  cold. 

(y.)  On  dithionates.  No  odor  is  evolved  with  dilute  acid  in  the 
cold,  but  SO2  is  evolved  when  the  mixture  is  heated. 

(S.)  On  thwsidphaies.  The  odor  of  SOg  is  evolved  with  a  dilute 
acid,  the  action  being  accompanied  with  the  deposition  of  sulphur. 

XIV.— Nitrates. 

Definition.— Compounds  formed  from  nitric  acid  (HNO3).  The 
general  formula  for  the  nitrates,  nitric  acid  being  monobasic,  is  M'NOa. 
No  acid  nitrates  are  known,  but  several  sub-  or  basic  nitrates  exist 
(Cu2N03,3CuH202). 

Synonyms. — Azotates ;  Saltpetres. 

Natural  History.— Nitrates  are  produced  whenever  the  ammonia 
of  organic  matter  is  oxidized  in  the  presence  of  an  alkali.  They  are 
found  in  the  shallow  well-waters  of  towns  as  sewage  products,  formed 
by  the  oxidation  of  the  nitrogen  during  the  passage  of  animal  matter 
through  the  soil.  They  are  found,  too,  in  the  juices  of  plants,  and  in 
the  urine  of  patients  who  have  taken  ammonia. 

Potassitm  nitrate  (KNO3)  or  prismatic  nitre,  is  found  on  the  soil  in 
India,  the  crude  nitre,  extracted  by  solution  and  crystallization,  being 
imported  into  this  country  under  the  name  of  "  grough."  Sodium  nitrate 
(NaNOg)  or  cubical  nitre,  is  found  beneath  the  soil  in  Chili  and  Peru. 


NITKATES.  821 

Although  sodium  nitrate  is  unsuited  for  gunpowder  manufacture,  owing 
to  its  hygroscopicity  and  low  oxidizing  power,  it  is  easily  converted  into 
potassium  nitrate  by  the  action  of  potassium  chloride,  a  salt  imported 
into  this  country  from  the  salt  mines  of  Stassfurth,  as  well  as  obtained 
from  the  refuse  of  the  beet  sugar  manufacture  (NaN03  +  KCl=KN03  + 
.  NaCl). 

Nitre  heaps  or  plantations  consist  of  masses  of  animal  refuse  mixed 
^  with  old  mortar,  etc.,  and  moistened  from  to  time  with  urine  or  stable 
r  runnings.  These  heaps  are  freely  exposed  to  the  air,  but  sheltered 
f  from  the  rain.  In  time  nitrates  of  the  several  bases  present  are  formed, 
a  and  collect  both  on  the  surface  of  the  heap  and  in  the  superficial  layer 
a  of  earth  (nitrified  earth).  The  nitrates  are  converted  into  potassium 
n  nitrate  by  potassium  carbonate.  Thus  a  cubic  metre  of  earth  may  be 
made  to  yield  20  kilos  of  nitre. 

Theories  of  Nitrification— Two  theories  have  been  advanced  to 
account  for  these  changes. 

I.  Schonbein  believed  that  the  formation  of  the  nitrates  was  due  to 
the  union  of  atmospheric  oxygen  and  nitrogen,  the  combination  being 
•favored  by  the  presence  of  porous  solids  and  of  matters  undergoing 
:oxidation. 

n.  Most  chemists,  however,  hold  that  the  nitrogen  of  the  ammonia 
evolved  as  the  organic  matter  putrefies,  becomes  oxidized,  the  oxida- 
lon  bemg  promoted  by  the  presence  of  lime  and  of  porous  materials. 
Putrefying  nitrogenized  matters,  moisture,  and  free  access  of  air  are,  there- 
-ore,  the  essential  conditions  of  nitrification,  whilst  the  presence  of  a 
asic  substance,  such  as  lime,  to  fix  the  acid  formed,  of  porous  materials 
io  assist  oxidation,  and  of  an  organized  ferment  (?)  (Warrington)  are 
;he  conditions  that  specially  favor  the  action. 

Impurities  of  saltpetres.— {a.)  Insoluble  earthy  and  vegetable  matters; 
p.)  potassium  and  sodium  chlorides  and  sulphates  ;  (y.)  calcium  sul- 
phate,- (a.)  moisture.    Potassium  chloride  is,  moreover,  a  special 
mpurity  of  the  potassium  nitrate  manufactured  from  sodium  nitrate. 

Purification  of  nitre  (Refining).-A  saturated  solution  in  boiling 
yater  of  the  impure  salt  is  first  prepared.    This,  whilst  boiling,  is 
iltered,  to  remove  insoluble  impurities.     The  boiling  filtrate  is  then 
aced  m  troughs  and  kept  constantly  agitated,  so  that 'the  crystals  of 
otassium  nitrate  that  form  maybe  small  {saltpetre  flour).  As  the  water 
ols  the  nitrate  crystallizes  out,  it  being  four  or  five  times  more 
ubiem  hot  than  in  cold  water;  whilst  the  sodium  and  potassium 
Sondes  do  not  crystallize  out,  these  salts  being  almost  as  soluble  in 
ma  as  in  hot  water.    In  this  way  the  separation  of  the  chlorides 
om  the  nitre  is  effected.    The  nitre  is  then  washed  with  a  little 
ater,  the  mother-liquor  and  the  washings  being  afterwards  evapo- 
tea  to  dryness,  and  the  residues  added  to  the  "grough"  or  impure 
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Any  coloring  matter  present  is  got  rid  of  hy  animal  charcoal.  A 
pure  nitre  is  known — 

(1.)  By  its  solution  in  water  being  clear  and  neutral  to  test-paper. 
(2.)  By  tbe  absence  of  insoluble  matter. 

(3.)  By  argentic  nitrate  giving  no  precipitate  (proving  the  absence 
of  clilorides). 

(4.)  By  barium  nitrate  giving  no  precipitate  (proving  the  absence  of 
sulphuric  acid). 

(5.)  By  ammonium  oxalate  giving  no  precipitate  (proving  the 
absence  of  lime). 

Preparation  (artificial). — By  the  action  of  nitric  acid  on  metals, 
their  oxides,  or  carbonates. 

Properties. — The  nitrates  are  all  crystallizable  solids,  of  various 
colors  and  shapes ;  some  are  rhombohedric  (NaNO.,),  some  doubly 
oblique  (BiSNO-j),  but  most  generally  right  prisniatic.  They  have  a 
saline  taste,  but  no  odor.  Many  (K,  Na,  NH4,  Ba,  Pb,  Hg)  are  anhy- 
drous. Some  contain  four  molecules  of  water  (Ca),  some  five  mole- 
cules (Sr),  whilst  the  generality  contain  six  molecules  of  water  (Mg, 
Zn,  Ni,  Co,  Fe,  Cu,  etc.). 

Action  of  Heat.— They  are  all  decomposed  by  heat,  and  generally 
fut^e  before  decomposing  : — 

(a.)  In  some  cases  the  metal  is  entirely  reduced  by  heat  {e.g.,  the 
nitrates  of  the  noble  metals). 

(/3.)  In  some  cases  nitric  peroxide  (N2O4)  and  oxygen  are  evolved, 
an  oxide  remaining  (Pb2N03  ;  CU2NO3). 

(y.)  Ammonium  nitrate  (H^N,N03)  breaks  up  into  nitrous  oxide 
(NgO)  and  water. 

(^.)  The  alkaline  nitrates  are  first  converted  into  nitrites,  oxygen 
being  evolved.  By  the  further  application  of  heat  the  nitrite  is 
decomposed,  with  the  evolution  of  nitrogen  and  oxygen,  an  oxide 
remaining. 

In  the  presence  of  an  oxidizable  body  (such  as  carbon)  the  action 
of  heat  on  the  nitrates  is  very  energetic.  Thus  they  deflagrate  when 
placed  on  red-hot  charcoal.  (It  should  be  noted  that  the  chlorates 
and  allied  salts  act  similarly.) 

Nascent  hydrogen  decomposes  them,  forming  ammonia. 

Sulphuretted  hydrogen  decomposes  the  nitrates  of  those  metals  that 
have  a  strong  affinity  for  sulphuric  acid,  such  as  Ba,  Pb,  etc. 

Action  of  Water. — The  nitrates  are  nearly  all  soluble  in  water, 
except  the  basic  nitrates,  such  as  the  green  basic  cupric  nitrate 
(Cu2N03,3CuH202).  Mercurous  nitrate  (Hg22N03,2H20)  and  bis- 
muthous  nitrate  (BiSNOgjSHgO)  are  decomposed  by  water,  a  basic 
salt  being  formed. 

Many  of  the  nitrates  are  deliquescent,  such  as  NaNOg,  Ca2NOs, 

NH4NO3,  etc. 
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Action  of  Acids.  — The  nitrates  are  all  decomposed  by  acids.  With 
sulphunc  acid  nitric  acid  is  set  free,  and  with  hydrocliloric  acid  chlorine. 
The  fixed  acids  (such  as  phosphoric,  boracic,  etc.),  decompose  the 
nitrates  by  heat. 

Action  of  Alcohol. — The  nitrates  generally  are  insoluble  in  alcohol, 
excepting  a  few,  such  as  calcium  nitrate,  cupric  nitrate,  strontium 
nitrate,  etc. 

Tests. — (1.)  Hydrochloric  acid,  mixed  with  a  nitrate,  dissolves 
gold-leaf.  (N.B.— A  similar  result  occurs  when  HCl  is  added  to 
solutions  of  chlorates,  bromates,  and  iodates.) 

(2.)  If  a  nitrate  be  heated  with  a  few  drops  of  water,  to  which  a 
little  sulphuric  acid  and  a  few  copper  turnings  are  added,  NO  will  be 
evolved,  known  by  its  forming  red  fumes  (N2O4)  in  the  presence  of 
air  or  oxygen.  (When  the  nitrate  is  present  in  very  small  quantity, 
the  presence  of  Ng04  may  be  known  by  its  action  on  paper  moistened 
with  starch  and  potassium  iodide.) 

(3.)  If  a  crystal  of  ferrous  sulphate  (FeS04)  dissolved  in  a 
nitrate  solution,  and  sulphuric  acid  be  poured  down  the  sides  of  the 
test-tube  so  as  to  form  a  layer  at  the  bottom,  a  brown  line  will 
be  produced  at  the  junction  of  the  two  layers,  due  to  the  solution  in 
one  portion  of  the  ferrous  salt,  of  the  nitric  oxide  set  free  by  the 
deoxidizing  power  of  another  portion  (6FeS04  +  3H8S04  +  2HN03= 
3(Fe23S04)  +  2N0  +  ffl^O). 

To  determine  quantitatively  the  nitric  acid  in  saltpetres  :  

(1.)  Heat  for  half  an  hour  to  dull  redness  a  weighed  mixture  of  the 
well-dried  saltpetre  with  finely-powdered  silica.  The  nitrate  will  be 
decomposed  (2K:N03  =  K20-f-2N02-fO)  and  a  silicate  of  potash 
formed,  whilst  the  sulphates  and  chlorides  present  undergo  no  change. 
From  the  mere  loss  of  weight  the  nitric  acid  present  may  be  deduced. 

(2.)  The  conversion  of  the  nitrogen  of  a  nitrate  into  ammonia,  by 
the  action  of  nascent  hydrogen  (set  free  either  by  zinc  and  sulphuric 
acid,  or  by  a  caustic  soda  solution  and  aluminium,  or  by  the  action  of  the 
copper  zinc  couple).  The  ammonia  may  be  estimated  by  Nesslerising, 
or  by  distillation  into  an  excess  of  hydrochloric  acid  CKNC-f  4H„  = 
NH3  +  KHO-f2H„0).  ' 

Uses-— F or  gunpowder,  manures,  and  for  the  manufacture  of  nitric 
acid.  The  nitrates  are  in  constant  requisition  in  the  laboratory  as 
oxidizing  agents. 

In  medicine,  the  ammonic,  ferric,  plumbic,  argentic  and  potassic 
utrates,  and  a  subnitrate  of  bismuth  (really  an  oxy-nitrate,  BiONOs) 
ire  officinal. 

XV.— Nitrites. 

Definition, — Compounds  formed  from  nitrous  acid  (HNO2). 
History.— Ammonium  nitrite  has  been  found  in  the  atmosphere, 
)0S8ib]y  produced  by  the  combination  of  atmospheric  nitrogen  with 
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water  as  it  evaporates  (2H20  +  N2=NH4N02),  or  to  the  oxidation 
of  ammonia  by  ozoue  (2NH3  +  O3  =  NH^NOa  +  HoO).  It  is  also 
found  in  well  waters  tbat  have  been  contaminated  by  organic 
matter  which,  containing  nitrogen,  has  undergone  pju'tial  oxidation. 
Traces  of  nitrites  have  been  found  in  the  juices  of  certain  plants. 

Preparation. — (!•)  the  action  of  nitrous  acid  on  metallic  oxides 
or  hydrates  (KHO  +  HNOg  =  KNO2  +  HgO). 

(2.)  By  the  action  of  heat  on  certain  nitrates,  whereby  oxygen  is 
evolved  (Ca2N03  =  Ca2N02  +  02). 

(3.)  By  the  oxidation  of  ammonia  or  nitrogenized  organic  matter  (as 
in  polluted  well-water). 

(4.)  Nitrites  of  the  alkalies,  etc.,  may  be  prepared  from  nitrates,  by 
stirring  their  boiling  solutions  with  a  rod  of  zinc  or  cadmium  (Schon- 
bein). 

(5.)  Ammonium  nitrite  is  said  to  be  produced  during  the  spontaneous 
oxidation  of  phosphorus  in  the  atmosphere,  due  to  the  action  of  ozone 
on  moist  air. 

(6.)  Argentic  nitrite  may  be  prepared  by  the  action  of  potassic 
nitrite  on  argentic  nitrate. 

Properties. — The  nitrites  are  soluble  in  water  and  in  alcohol,  in 
which  latter  solvent,  for  the  most  part,  the  nitrates  are  insoluble. 
The  nitrites  of  silver,  sodium  and  lead  are  anhydrous.  Several  double 
nitrites  have  been  prepared,  as  e.g.,  a  compound  of  nitrite  of  potassium 
with  a  nitrite  of  either  barium,  zinc  or  nickel. 

The  nitrites  (like  nitrates,  etc.)  deflagrate  when  thrown  on  glowing 
carbon. 

Acid  solutions  of  the  nitrites  act  both  as  (a)  oxidizing  agents,  as  shown 
by  decolorising  indigo,  and  also  (/3)  as  reducing  agents,  as  shown  by 
their  decolorising  potassium  permanganate,  reducing  potassium  chro- 
mate  to  a  green  chromium  salt,  and  auric  chloride  or  a  mercurous  salt  to 
their  respective  metals. 

Tests. — (!•)  Argentic  Nitrate.  A  white  ppt.  of  argentic  nitrite 
(AgN02). 

(2.)  By  the  action  of  dilute  acids,  red  fumes  are  evolved. 
(3.)  A  nitrite  solution,  acidulated  with  a  few  drojis  of  sulphuric 
acid,  sets  free  iodine  from  KI,  which  turns  blue  with  starch. 
(These  tests  give  no  action  with  nitrates.) 

[Note  :  If  organic  matter  be  present  in  the  solution,  the  nitric  acid 
set  free  from  a  nitrate  by  sulphuric  acid,  may  be  reduced,  and 
will  then  show  the  reactions  of  a  nitrite.  Hence,  in  such  a  case, 
acetic  acid  should  be  added,  the  liquid  distilled,  and  the  distillate 
tested.] 

Uses— Nitrite  of  ethyl  (C2H5NO2)  is  the  chief  constituent  of  spi- 
ritus  £etheris  nitrosi  (sweet  spirit  of  nitre). 
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Hyponitrites. 

Salts  of  HNO  are  of  no  importance  (see  p.  130). 


Salts  Allied  to  the  Nitrates. 

XVI.  — Chlorates  (formed  from  chloric  acid,  HCIO3). 

XVII.  — Bromates  (formed  from  hromic  acid,  HBrOg). 

XVIII.  — lodates  (formed  from  iodic  acid,  HIO3). 

We  shall  consider  these  together. 

Natural  History. — None  of  them  are  found  free  in  nature. 

Preparation. — (l.)  By  the  action  of  chlorine,  bromine,  or  iodine 
on  a  metallic  hydrate  : — 

6KH0       +    3CI2   =      5KC1        +       KCIO3      +  SHgO. 
Potassic  hydrate  +  Chlorine  =  Potassic  chloride  +  Potassic  chlorate  +  "Water. 

(Separation  may  be  effected  by  the  greater  solubility  of  the  chlo- 
ride.) 

A  bromate  or  iodate  is  formed  when  chlorine  is  passed  through  a 
solution  of  potassic  hydrate  containing  bromine  or  iodine  (5KH0  + 
Br  +  oCl  =  KBrOj  +  SKCl  +  SHoO); 

(2.)  By  neutralising  chloric  acid  with  ammonia  or  its  carbonate 
(=NH4C103),  or  by  dissolving  an  oxide  in  it  (HgClOg). 

(3.)  Ammoniian  Chlorate  (NH4CIO3).  By  acting  on  ammonium 
flnosilicate  with  potassium  chlorate,  and  evaporating  the  clear  solu- 
tion over  sulphuric  acid. 

(4.)  Uercitrotis  Bromate  (HgBrO,).  By  mixing  together  solutions  of 
mercurous  nitrate  and  potassic  bromate. 

Properties.— The  chlorates,  bromates,  and  iodates  are  all  very 
nearly  related  to  the  nitrates.  In  one  respect  the  iodates  are  peculiar, 
viz.,  that  a  basic  molecule  may  combine  with  more  than  one  molecule 
of  the  acid  ;  in  other  words,  that  iodic  acid,  though  a  monobasic  acid, 
forms  hyper-acid  salts.    Thus  we  have — 

CI.)  Normal  potassic  iodate  (KIO3)  ;  (2.)  Acid  potassic  iodate  (KlOg, 
HIO3);  (3.)  Di-acid  potassic  iodate  {1510^,2^10^). 

Action  of  Heat.— The  chlorates,  bromates,  and  iodates  are  all  decom- 
posed by  heat,  often  with  explosion,  one  of  two  results  occurring  : — 
(a.)  Oxygen  only  may  be  driven  o£E— a  chloride,  bromide,  or  iodide  re- 
maining. This  occurs  if  the  affinity  of  the  metal  for  the  haloid  is 
greater  than  it  is  for  oxygen.  Thus  2KIO3  =  2KI  +  3O2  ;  or  con- 
versely— 

(/3.)  Oxygen  and  the  haloid  element  may  both  be  given  off,  an  oxide 
remaining.  This  occurs  if  the  affinity  of  the  metal  for  oxygen  is 
greater  than  it  is  for  the  haloid.    Thus  2(Ba2I03)  =  2BaO-|-50j-F 
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Mixed  with  a  combustible  element  they  all  deflagrate  when  heated 
and  explode  when  struck.  Paper  soaked  in  their  solutions  and  dried 
burns  like  touch-paper.  Ammonium  broraate  often  explodes  spon- 
taneously. 

Action  of  Acids. — They  are  all  decomposed  by  acids.  Sulphuric  acid 
sets  free  from  the  chlorates  the  yellow  chlorine  compounds,  whilst 
from  the  bromates  and  iodates,  oxygen  and  bromine,  or  oxygen  and 
iodine,  are  set  free  respectively.  Hydrochloric  acid  also  liberates  chlo- 
rine compounds  from  the  chlorates,  and  chlorine  with  bromine,  or 
chlorine  with  iodine,  from  the  bromates  and  iodates  respectively. 
Nitric  acid  forms  with  the  chlorates  a  nitrate  and  a  perchlorate,  with  the 
liberation  of  oxygen  and  chlorine. 

Action  of  Water.— The  chlorates  are  nearly  all  soluble  in  water,  and 
are  deliquescent  (mercurous  chlorate  excepted).  The  ammonium 
chlorate,  when  boiled  in  water,  evolves  nitrogen  and  chlorine.  The 
bromates  are  mostly  soluble,  although  with  difficulty,  in  water,  the 
mercurous,  silver  and  lead  bromates  being  the  least  soluble.  The 
iodates,  excepting  the  alkaline  iodates,  are  but  sparingly  soluble  in 
water. 

Action  of  Alcohol. — Many  of  the  salts  are  soluble  in  alcohol. 

All  the  salts  of  this  group  act  as  oxidizing  agents.  The  chlorates 
for  this  purpose  are  in  constant  use  in  the  laboratory,  chloric  acid 
being  set  free  by  the  action  of  hydrochloric  acid  upon  them.  Making 
use  of  this  reaction,  most  protosalts  may  be  changed  to  persalts. 

Tests. — They  all  deflagrate  when  placed  on  red  hot  charcoal. 

Chlorates. — (1.)  No  precipitate  with  argentic  nitrate.  [A  chlorate  is 
by  this  reaction  known  from  a  chloride.]  If  the  salt  be  one  (like  KCIO3) 
forming  a  chloride  by  heat,  the  solution  of  the  residue  after  ignition 
(KCl)  will  give  a  precipitate  of  AgCl  with  argentic  nitrate. 

(2.)  Add  a  few  drops  of  indigo  to  a  solution  of  a  chlorate.  On  the 
addition  of  a  solution  of  sulphurous  acid,  the  indigo  will  be  bleached. 
A  chlorate  may  in  this  way  be  known  from  a  nitrate,  for  with  the  latter 
the  blue  color  remains  unaltered. 

(3.)  On  heating  a  chlorate  with  HCl,  yellowish  green  vapors  are 
evolved  (eibchlorine). 

(4.)  On  adding  sulphuric  acid  to  a  chlorate,  chloric  peroxide  (ClOo) 
is  evolved  (p.  99). 

Bromates. — Bromine  is  set  free  when  a  bromide  is  heated  with 
sulphuric  acid. 

Iodates. — If  a  sulphurous  acid  solution  be  added  to  a  solution  of  an 
iodate,  an  iodide  is  formed  (KI03  +  3H2S03=KI  +  3H2S04).  The 
iodide  may  then  be  detected  in  the  usual  way,  with  AgNOa  or  by 
starch, 
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Other  Oxy-salts  op  Chlorine,  Bromine,  and  Iodine. 
XIX.— Perchlorates. 

Salts  formed  from  perchloiic  acid  (HCIO4).  Examples — NaClO^  ; 
LiClO^;  RbClO^;  NH4CIO+;  Ba2(C104),4H20. 

Preparation. — Potassium  perchlorate  may  be  formed  either  by  heat- 
ing potassium  chlorate,  but  discontinuing  the  heat  so  soon  as  one-third 
of  the  oxygen  has  been  evolved  (2KC103=KCH-KC]04  +  O2)  ;  or  by 
acting  on  potassic  chlorate  with  boiling  nitric  acid  (3KCIO3  +  2HNO3 
=2KN03  +  H2O  +  KCIO4  +  CI2  +  2O2). 

Mercurous  perchlorate  (HgC104)  may  be  formed  by  the  action  of 
perchloric  acid  on  mercurous  oxide. 

Properties. — The  perchlorates  are  all  soluble  in  water,  and  many 
are  soluble  in  alcohol.  They  are  all  decomposed  by  heat,  with  the 
formation  of  a  chloride  and  the  evolution  of  oxygen.  They  are  not 
decomposed  by  hydrochloric  acid.  Heated  with  strong  sulphuric  acid 
they  do  not  yield  chloric  peroxide. 

To  distinguish  a  perchlorate  Jrom  a  chlorate: — (1.)  Add  a  few  drops 
of  sulphuric  acid  to  some  crystals  of  the  salt.  A  yellow  gas  will  be 
evolved  in  the  case  of  chlorates,  but  none  in  the  case  of  perchlorates. 

(2.)  The  perchlorates  are  not  acted  upon  by  hydrochloric  acid  like 
chlorates. 

(3.)  They  require  a  higher  temperature  for  their  decomposition  than 
chlorates. 

XX.  — Periodates. 

Salts  formed  from  periodic  acid  (HIO4).  Examples — KIO4;  NalOi, 
3H2O ;  AgI04. 

The  periodates  are  of  four  kinds :  mono-,  tri-,  'tetra-,  and  penta- 
basic  respectively,  and  may  be  represented  as  salts  of  acids  formed  of 
IzOf,  with  1,  2,  3,  or  5  molecules  of  water.  The  salts  (which  are  very 
complex),  are  sparingly  soluble  in  water,  but  soluble  in  dilute  nitric 
acid.  They  are  all  decomposed  by  heat.  Their  solutions,  slightly 
acidulated  with  HNO3,  give  a  dark  brown  precipitate  of  (AgjIOg) 
(para-periodate)  with  argentic  nitrate,  soluble  in  excess  of  nitric  acid, 
the  solution  on  evaporation  yielding  yellow  crystals  of  AglOi  (meta- 
periodate),  which,  when  added  to  water,  splits  up  into  the  free  acid 
and  Ag^IgOg  (di-periodate).  Periodic  acid  has  a  tendency  to  form 
basic  salts,  just  as  iodic  acid  has  a  tendency  to  form  acid  salts. 

Sodium  periodate  may  be  formed  by  the  action  of  chlorine  on  a 
mixed  solution  of  sodic  hydrate  and  iodate  (NalOj  +  2NaH0 -f- Clg  = 
NaI04+H20-l-2NaCl). 

XXI.  — Chlorites. 

Definition.— Salts  formed  from  chlorous  acid  (HCIO2). 
Preparation. — By  the  action  of  chlorous  acid  upon  a  base.  The 
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yellow  crystalline  lead  and  silver  chlorites  may  be  prepared  by  adding 
lead  or  silver  nitrate  to  a  solnble  chlorite. 

Properties. — The  chlorites  are  solid  deliquescent  salts,  decomposed 
by  heat  and  by  the  feeblest  acids  (as  COg).  They  possess  considerable 
bleaching  power,  and  deoxidize  an  acidulated  solution  of  potassium 
permanganate. 

XXII— Hypochlorites. 

Definition. — Salts  formed  from  hypochlorous  acid  (HCIO)  (p.  97). 
Preparation. — By  the  action  of  hypochlorous  acid  on  metallic 
oxides  or  hydrates  : — 

KHO      +        HCIO       =         KCIO         +  HgO. 

Potassio  hydrate  +  Hypoohloroua  acid  =  Potassic  hypochlorate  +  "Water. 

Properties.  — The  hypochlorites  are  bleaching  salts,  and  are  de- 
composed by  the  feeblest  acids.  Heat  decomposes  them,  a  chloride 
and  a  chlorate  resulting  (3KC10  =  2KCI  +  KCIO3). 

The  interest  of  the  hypochlorites  is  centred  in  what  is  called 
^' chloride  of  lime"  or  bleaching  powder.  This  is  prepared  by  acting 
with  chlorine  on  slaked  lime  (calcic  hydrate).  The  temperature  has  to 
be  maintained  below  100° F.,  or  otherwise  calcium  chloride  and  chlorate 
would  be  formed.  The  potassium  and  sodium  chlorides  are  prepared 
in  a  similar  manner.  It  was  formerly  thought  that  a  chloride  and  a 
hypochlorite  were  formed  during  this  process.    Thus — 

2CaH202  +  2CI2  =  CaClg  +  Ca"Cl202  +  2HoO. 
Calcium  hydrate  +  Chlorine  =  Calcium  chloride  +  Calcium  hypochlorite  +  Water. 

but  of  this  there  is  considerable  doubt,  inasmuch  as  bleachiug-powder 
contains  no  calcium  chloride,  and.  is  not  deliquescent  when  properly 
made.  Hence  the  composition  of  bleaching-powder  is  usvially  stated 
as  consisting  of  a  calcium  chloride  hypochlorite,  CaCl(OCl).    Thus — 

CaHjOo      +      CI2      =      CaCl(OCl)     +  HgO. 
Calcic  hydrate    +    Chlorine    =    Bleaching  powder    +  Water. 

When  "  chloride  of  lime  "  is  exposed  to  the  air  it  gives  off  chlorine, 
by  the  action  upon  it  of  atmospheric  carbonic  anhydride.  Hence  its 
use  as  a  disinfectant.  The  evolution  of  chlorine  is  considerable  when  a 
strong  acid  is  added  to  the  compound  (Ca(OCl)Cl  +  H2S04  =  CaS04  + 
HgO  +  Clg).  It  is  also  used  as  a  bleaching  agent  (chlorine  exerting 
a  powerful  oxidizing  action),  the  goods  being  first  digested  in  a  solu- 
tion of  bleaching  powder,  and  afterwards  transferred  to  a  weak 
acid  solution,  whereby  the  chlorine  is  set  free. 

To  distinguish  a  hypochlorite  from  a  chlorite,  add  to  the  solution  of  the 
salt  a  solution  of  arsenious  anhydride  and  nitric  acid  ;  the  bleaching 
power  of  the  chlorites  remains  unaffected,  whilst  that  of  the  hypo- 
ehlorites  is  destroyed. 
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XXIII.— Phosphates  (page  161). 

(a.)  Orthophosphates,  compounds  formed  from  orthopliosphoric 

acid,  H.5PO4. 

((3.)  Pyrophosphates,  „  „  pyrophospboric 

acid,  H4P0O7. 

(y.)  Metaphosphates,  „  „     metapliosphoHc  " 

acid,  HPO3. 

(a.)— Orthophosphates,  or  Common  Phosj)hates. 

Definition. — Salts  of  tribasic  pbospboric  acid,  H3PO4. 

Varieties  of  Orthophospbates.— One  or  all  of  the  hydrogens  of  the 
acid  may  be  replaced  by  a  metal.    Thus  : — 

NaH2P04=  Sodium-dihydrogen.  phosphate  ) 

(superphosphate)  >     Acid  salts. 

Na2HP04  =  Disodium-hydrogen  phosphate  J 
Na3P04    =Trisodium  phosphate       ...         Normal  salt. 

Or  the  three  hydrogens  may  be  replaced  by  different  metals.  Thus— 

HNaNH4P04  +  4aq  =  Hydric  sodium  ammonium  phosphate  {micro- 
cosmic  salt). 

Preparation. — KH2PO4  is  prepared  by  mixing  together  solutions 
of  potassium  carbonate  and  phosphoric  acid,  so  that  the  solution  is 
strongly  acid. 

KgHPO^  is  prepared  by  mixing  together  solutions  of  potassium  car- 
bonate and  phosphoric  acid  to  slight  alkalinity. 

K3PO4  is  prepared  by  igniting  two  molecules  of  phosphoric  anhy- 
dride with  three  of  potassium  carbonate. 

Properties. — The  orthophosphates  are  solid  salts,  having  a  saline 
taste  but  no  odor.  They  fuse  by  heat,  but  they  are  not  decomposed  if 
the  base  of  the  salt  be  a  fixed  one.  Acids  (even  carbonic)  decompose 
and  dissolve  them.  The  phosphates  of  the  alkalies  are  soluble  in 
water,  the  remainder  being  insoluble.  The  insoluble  phosphates,  ex- 
ceptmg  calcium  phosphate,  are  decomposed  on  boiling  with  sodium 
carbonate. 

Tests.— (1.)  Argentic  nitrate;  a  yellow  ppt.  (Ag^VO^)  in  a  neutral 
sol ution  (NaH2P04  +  3 AgN03= Ag3P04  +  NaNOa  +  2HNO3). 

(2.)  Magnesium  sulphate  and  ammonia;  a  white  ppt.  (NH4MgP04  + 
6H2O),  which  by  heat  becomes  MggP^  (100  parts  =  63-96  of  P2O5). 

(3.)  Ammonium  mobjbdate;  a  yellow  ppt.  when  boiled  in  a  solution 
containmg  HNO3. 

(/?.)  PrROPHOSPHATES. 

Definition.— Sails  of  pyrophospboric  acid  (H^P^O,),  a  tetrabasio 
acid. 

Preparation.— By   heating  tribasic   phosphates.      Thus,  sodium 
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pyrophosphate  is  prepared  by  igniting  common  sodium  phosphate 
(2Na2HP04=  H^O  +  Na^PoO,). 

Most  of  the  pyrophosphates  are  solid.  They  are  easily  converted 
into  meta-  and  ortho-phospliates,  by  the  addition  or  abstraction  of 
water,  or  of  a  metallic  base.  The  alkaline  pyrophosphates  are  soluble 
in  water,  and  slake  when  boiled.  By  boiling  with  dilute  acids,  they 
become  tribasic  phosphates.  They  usually  dissolve  in  an  alkaline 
pyrophosphate,  forming  a  double  salt. 

Tests. — Argentic  nitrate  ;  a  white  ppt.  in  alkaline  solutions 
(Ag^P^O^). 

(y.)  Metaphosphates, 
Definition. — Salts  of  metaphosphoric  acid  (HPO3). 

Preparation. — The  metaphosphates  are  generally  prepared  by  ig- 
niting a  superphosphate  of  a  fixed  base  (NaHePO*  =  NaPOg  +  HoO). 
Sodium  metaphosphate  is  prepared  by  the  ignition  of  dihydric  sodium 
phosphateorof  microcosmicsalt(HNaNH4P04=NaP03  +  NH3  +  H20). 

Properties. — The  soluble  metaphosphates  are  converted  into  dihy- 
dric tribasic  phosphates  by  boiling  with  water,  the  insoluble  salts 
undergoing  similar  conversion  by  boiling  in  dilute  nitric  acid. 

Test. — Argentic  nitrate;  a  white  gelatinous  ppt.  (AgPOa). 


Other  phosphates  have  been  studied  by  Fleitmann  and  Henne- 
bcrg.  They  are  formed  by  fusing  together  (a)  one  part  of  pyro- 
phosphate and  two  of  metaphosphate,  the  salt  formed  having  the 
composition  2Na3P04,P205 ;  and  (/3)  one  part  of  pyrophosphate  and 
eight  of  metaphosphate,  the  salt  formed  having  the  composition 
4Na3P04,  3P0O5.  They  are  unstable  salts,  but  form  definite  argentic 
and  magnesic  compounds  (see  page  166). 

All  phosphates  are  converted  into  tribasic  phosphates  by  fusion  with 
an  alkaline  hydrate  or  carbonate. 


Other  Oxy-Phosphorus  Salts. 
XXIV.— Hypophosphites. 

Definition. — Salts  formed  from  hypophosphorous  acid  (H3PO2  or 
HHgPOj)  (p.  159).    The  acid  is  monobasic. 

Preparation. — By  acting  on  a  metallic  hydrate  with  phosphorus 
(P8+ 6H2O  +  SCaHgOg  =  3(Ca"2H2P02)  +  2PH3. 

Properties. — The  salts  are  monobasic,  as,  e.g.,  NaHgPOz,  or 
CaH4P204,  and  Pb"2H2P02.  They  are  all  deliquescent,  crystalline, 
stable  solids.   By  evaporating  down  their  solutions,  they  are  converted 
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into  phosphites.     The  hypophosphites  reduce  gold  and  silver  salts. 
Tliey  are  all  soluble  in  water,  the  alkaline  hypophosphites  being  also 
soluble  in  alcohol.    They  are  all  decomposed  by  heat. 
"  Soda  hypophospliis  "  is  a  pharmacopoeial  preparation. 


XXV.— Phosphites. 

Definition.  —  Salts  formed  from  phosphorous  acid  (H3PO3). 
(p.  160). 

Phosphorous  acid  in  certain  compounds  plays  the  part  of  a  tribasic 
acid  {e.g.  (C2H5)3P03).  As  regards  the  metals  it  is  dibasic  (page 
161). 

Phosphites  may  be  normal  (M'gHPOs),  or  acid  (M'HHP03). 

Preparation. — By  neutralising  the  aqueous  acid  with  an  alkaline 
hydrate  or  carbonate. 

Properties. — Solid  bodies,  sparingly  soluble  in  water,  except  the 
phosphites  of  the  alkalies,  which  are  freely  soluble.  The  soluble 
phosphites  act  as  reducing  agents.  On  the  application  of  heat,  the 
normal  phosphites  evolve  hydrogen  and  phosphoretted  hydrogen, 
whilst  the  acid  phosphites  evolve  hydrogen  only  leaving  a  meta- 
phosphate. 

Tests. — (1-)  Mercuric  chloride ;  a  white  ppt.  of  calomel  in  a  solu- 
tion acidulated  with  acetic  acid. 

(2.)  Sulphurous  acid  is  reduced  by  the  phosphites  to  HgS,  a  pre- 
cipitation of  sulphur  resulting  from  the  action  of  the  HgS  on  the 
excess  of  sulphurous  acid  (3H3PO3  +  H2SO3  =  3H3PO4  +  HgS). 

Allies  op  the  Phosphates. 

Arsenates  (salts  of  arsenic  acid,  HgAsOJ  ;  Antimnnates  (salts  of 
antimonic  acid,  or  antimonic  anhydride,  SbgOs)  ;  Vanadates  (salts  of 
vanadic  acid  or  vanadic  anhydride,  V2O5). 


XXVI.  —Arsenates. 

Definition. — Salts  formed  from  arsenic  acid  (H3ASO4). 

The  arsenates  are  allied  to  and  isomorphous  with  the  phosphates. 
Thus — 

Na3As04,12H20  is  prepared  by  adding  an  excess  of  sodic  hydrate 
to  arsenic  acid,  and  evaporating. 

Na2HA804,12H20  is  prepared  by  adding  sodium  carbonate  to  a  hot 
solution  of  arsenic  acid  until  effervescence  ceases,  and  evaporating. 

NaH2A80,t,H20  is  prepared  by  adding  to  the  previous  salt  an 
equivalent  quantity  of  arsenic  acid  to  that  which  it  already  contains. 

KH2ASO4  is  prepared  by  fusing  together  nitre  and  arsenious  acid, 
dissolving  the  residue  in  water,  and  crystallizing, 
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(H4]S')MgAs046H20  (a  body  isomorphous  with  the  phosphate  salt), 
is  prepared  by  adding  magnesium  sulphate  to  a  solution  of  an  alkaline 
arsenate  to  which  ammonia  has  been  added. 

Examples. 

f  K3A8O4. 
Potassium  arsenates  <  K2HASO4. 

/  KHgAsO^. 

i  Na3As04l2H„0. 

Sodium  arsenates  ) 

)  Na^AsoOy  (Pye). 

(  NaH2As04H20. 

Argentic  arsenates  Ag3As04. 

j  Mg32(As04). 
Magnesium  arsenates  <  MgHAs047H20. 

(  MgNH4As047H20. 
Cupric  arsenate  CU3ASO82H2O. 

Properties. — In  form  and  reactions  the  arsenates  are  very  similar 
to  the  tribasic  phosphates.  Arsenates  corresponding  to  the  meta- 
and  pyro-phosphates  (Na4As207)  are  also  known.  Anhydrous  arse- 
nates may  be  prepared.  Heat  alone,  provided  a  fixed  base  be  present, 
does  not  decompose  them.  They  are  decomposed  by  nascent  hydrogen, 
arseniuretted  hydrogen  being  evolved.  Acids  decompose  them.  Water 
dissolves  the  alkaline  arsenates  only,  but  all  the  arsenates  are  soluble 
in  dihite  nitric  acid. 

Tests.  —  (!•)  Lime,  lead,  fvad  barium  salts ;  white  ppts. 

(2.)  Argentic  nitrate;  a  brownish-red  ppt.  of  triargentic  arsenate 
(Ag3As04).    (This  test  distinguishes  the  arsenates  from  the  &rsemtes.) 

(3.)  Sulphuretted  hydrogen;  a  yellow  ppt.  of  AsgSs,  soluble  in  am- 
monia. 

(4.)  Add  a  few  drops  of  cupric  sidphate,  and  carefully  drop  in  dihite 
ammonia  until  a  green  precipitate  is  produced  (CUHASO4).  The 
arsenate  solution  must  be  neutral.  The  cupric  arsenate  is  soluble  in 
acids  and  in  alkalies. 

Uses. — The  arsenate  of  soda  and  the  arsenate  of  iron  (Fe32As04) 
are  used  in  medicine. 

XXVII— Vanadates. 

Salts  of  vanadic  acid,  or  more  correctly,  compounds  of  a  base  and 
vanadic  anhydride  (V2O5)  (Roscoe).  Vanadic  acid  is  only  known  in 
its  salts,  of  which  ortho-,  meta-  and  pyro-vanadates,  isomorphous  with 
phosphates,  have  been  prepared.  In  addition  to  these,  certain  tetra- 
vanadates  are  known. 

Orthovanadates,  compounds  of  orthovanadic  acid  H3VO4. 
Metavanadates,       „  ,,  metavanadic  acid  HVO3. 

Pyrovanadates,        „  „  pyrovanadic  acid  H4V2O7. 
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The  vanadates  are  usually  red  or  yellow  bodies.  Boiled  with  sul- 
phuric acid,  alcohol,  aud  sugar,  or  heated  with  sulphuretted  hydrogen 
or  sulphurous  acid,  they  form  a  deep  blue  solutiou. 

XXVIII.— Antimonates. 

Salts  of  antimonic  acid  (HSbOg).  These  closely  resemble  the 
arsenates.  The  alkaline  salts  are  obtained  by  the  action  of  auti- 
monic  anhydride  (SbsOs)  on  a  hydrate,  or  by  deflagrating  antimony 
and  a  nitrate.  They  are  decomposed  by  an  acid,  Sb205,4H20  being 
precipitated.  There  are  said  to  be  two  modifications  of  antimonic 
acid,  viz.,  antimonic  acid  (HSbOg  or  SbgOsjHgO),  forming  normal  salts, 
such  as  KSbOs,  and  vietantimonic  acid  (H4Sb207  or  Sb205,2H20), 
which  also  forms  a  normal  salt,  such  as  K^SboO^. 

The  soluble  acid  metantimonate  of  potassium  (K2H2Sb207,6H20)  pre- 
cipitates soda-salts  as  an  insoluble  acid  sodium  metantimonate 
(NaoHgSbgO^jGHgO).  The  acid  potassic  salt  rapidly  changes  to  a 
normal  salt,  but  this  latter  does  not  effect  the  precipitation  of  sodium 
compounds. 


XXIX.— Sulph-Arsenates  (Salts  of  HgAsSJ. 

Examples  of  these  are  found  in-K3AsS4  and  (Na3AsS4)2l5H20. 

Preparation. — (l.)  Bypassing  sulphuretted  hydrogen  through  solu- 
tions of  arsenates  : — 

Na2HAs04    +         mS  =      Na2HAsS4  +  HgO. 

Sodium  arsenate      Sulphuretted  hydrogen     Sodium  sulpharsenate.  Water. 

(2.)  By  dissolving  arsenic  sulphide  and  sulphur  in  a  solution  of  an 
alkaline  sulphide  or  sulphhydrate  : — 

AS2S3  +  3K2S  +  S2  =  2K3ASS4. 

Properties.— With  dilute  acids  (cold)  the  sulpharsenates  yield 
H3ASS4,  which  on  boiling  yields  AsgSg  and  HoS  (H3ASS4  =  AsgSs  + 
3H2S). 

XXX.— Sulph-Antimonates  (Salts  of  H3SbS4). 

Examples— K3SbS4;  (Schleppe's  Salt,  Na3SbS4,9H20). 
The  preparation  and  properties  of  these  compounds  resemble  the 
sulph-  arsenates . 

XXXI.— The  Arsenites. 

Salts  of  H3ASO3  or  As203,3H20. 

The  arsenites  of  the  alkalies  may  be  formed  by  dissolving  arsenious 
anhydride  (AsgOg)  in  solutions  cither  of  the  alkalies  or  of  the  alkaline 
carbonates.  M'gAsOa  (orth-arsenites)  and  M'AsO^,  (met-arsenites)  are 
formulae. 

Examples.— AggAsOg  and  CuHAsOg  are  the  formulge  believed  to 
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represent  the  composition  of  these  salts.  The  alkaline  arsenites  are 
soluble  in  water.  The  arsenites  of  the  earths  are  insoluble  in  water 
but  are  soluble  in  acids. 

Potassium  arsenite  (Fowler's  solution,  or  liquor  arsenicalis)  (KH^. 
AsOa),  is  used  in  medicine.  The  alkaline  arsenites  are  used  as  sheep! 
dipping  mixtures,  and  also  by  naturalists  as  an  arsenical  soap  to  pre- 
serve the  skins  of  animals.  Sodium  arsenite  is  used  to  prevent  the 
incrustation  in  boilers. 

Cupric  arsenite,  or  "  ScheeWs  green,"  (CuHAsOa),  and  a  mixed  cupric 
arsenite  and  acetate,  or  "  Schweinfurt  green"  (3CuAs204,Cu2C2H302) 
and  argentic  arsenite  (AggAsOg)  are  used  as  pigments.    '         ^  ^ 

The  arsenites  are  unstable  compounds,  having  a  great  tendency  to 
become  arsenates  by  the  absorption  of  oxygen.  They  are  decomposed 
by  CO2. 

AntimoniteS.— Sodium  metantimonite  (NaSb02,3H20)  is  formed 
by  adding  antimonious  anhydride  to  a  solution  of  caustic  soda. 

XXXII.— Sulph-Arsenites  (Salts  of  H3ASS3). 

Example— AgaAsSg  (argentic  sulpharsenite). 
By  dissolving  arsenious  sulphide  in  an  alkaline  sulphide  : — 
AS2S3    +        3K2S  =  2K3ASS3. 

Anenious  sulphide  +  Potassium  sulphide  =  Potassium  sulpharsenite. 

XXXIII.— Sulph-Antimonites  (Salts  of  HgSbSs). 

Example— Ag3SbS3  (dark  red  silver  ore). 
Of  the  sulph-antimonites  may  be  noteil : — 

Ortho-sulph-antimonites  ...    M'gSbSa  or  M"3Sb2S6. 

Meta  „  ...    M'SbSs  or  M"Sb2S4. 

Pyro  „  ...    M'4SbS5  or  M'^gSbiSs. 

Preparation  of  ortho  compounds.  By  the  action  of  sulph-hydrate 
on  antimonious  sulphide: — 

SbgSa  +  eKHS    =    2K3SbS3    +  3H2S. 

Potassic  sulpli- 
antimonite. 


XXXIV.— Carbonates. 

Definition. — Salts  formed  from  carbonic  acid  (H2CO3).  Although 
this  acid  is  not  known  in  a  free  state,  it  no  doubt  exists  in  solution 
when  CO2  is  dissolved  in  water.  The  acid  is  dibasic,  forming  both 
acid  and  normal  salts,  the  acid  carbonates  of  the  alkalies  being  the 
only  solid  acid  carbonates  known. 

Natural  History. — The  carbonates  are  found  in  all  three  kingdoms 
of  nature  ;  (a)  in  the  mineral  kingdom  (as  e.  g.,  CaCOa,  etc.);  (/3)  in  the 
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vegetable,  as,  e.  g.,  pearlash  (KgCO.,)  iu  the  ashes  of  land-plants,  and 
sodium  carbonate  in  the  ashes  of  marine  plants  ;  (y)  in  the  animal 
kingdom,  carbonates  are  found  in  bones,  shells,  blood,  nrine  deposits, 
etc. 

Preparation. — Sodium  carbonate  is  prepared  from  sodium 
chloride,  by  first  converting  it  into  a  sulphate,  and  afterwards  heating 
it  with  chalk  and  coal  {see  Sodium  Carbonate). 

(2.)  From  the  ashes  of  plants  by  lixiviating. 

(3.)  By  the  action  of  an  alkaline  carbonate  on  a  metallic  salt 
(PbgNOa  +  NaoCOa  =  2NaN03  +  PbC03). 

[N.B. — The  carbonates  are  never  formed  by  the  action  of  carbonic 
anhydride  on  a  dry  metallic  oxide.] 

Properties. — The  carbonates  are  very  stable  bodies.  They 
generally  crystallize  in  right  prisms  ;  some  in  oblique  prisms  (Na),  and 
some  in  rhomboids  ( Ca,  Fe,  Zn). 

Action  of  Seat. — Ammonium  carbonate  volatilizes  when  heated.  The 
carbonates  of  the  alkaline  metals  and  of  barium  are  unaffected  by  a 
white  heat.  All  other  carbonates  are  decomposed  at  a  high  tempera- 
ture, COg  being  evolved,  and  a  metallic  oxide  left. 

Action  of  Acids. — All  carbonates  are  decomposed  by  acids,  with  the 
evolution  of  COg. 

Action  of  Water. — The  alkaline  carbonates  are  soluble  in  water. 
Many  carbonates  that  are  insoluble  in  common  water,  are  soluble  in 
water  containing  COg  in  solution,  but  are  deposited  as  soon  as  the  COg 
escapes.    Many  of  them  are  anhydrous. 

Tests. — An  acid  sets  free  COg  which  whitens  baryta  or  lime-water 
(forming  BaCOg  and  CaCOg),  the  precipitates  being  soluble  in  an  acid. 

Uses. — The  sodium  salt  is  largely  used  in  every-day  life,  and  also  in 
medicine.  The  ammonium,  bismuth  (really  an  oxy carbonate),  ferrous 
(which  mixed  with  sugar  forms  the  saccharated  carbonate),  lithium, 
magnesium,  potassium,  and  zinc  carbonates  are  also  used  medicinally. 

Certain  sulpho-carbonates  have  been  prepared,  of  which  potassium 
sulpho-carbonate  (KgCSg)  is  an  example. 

XXXV.- Silicates. 

Definition. — Compounds  of  £[48104  {tetrahasic  silicic  acid),  and  also 
of  HgSiOa  {dibasic  silicic  acid),  this  latter  acid  being  said  to  be  pro- 
duced by  the  evaporation  "  in  vacuo"  of  a  solution  of  the  tetrahasic  acid. 

Natural  History. — Silicates  are  found  in  nature  abundantly,  as 
peridote,  eustatite,  ophite,  talc,  serpentine^  steatite,  meerschaum  (mag- 
nesic  silicates),  okenite  (calcic  silicate),  diopside  (calcic  maguesic 
silicate),  pyrophyllite  (aluminic  silicate),  anorthite,  labradorite,  grossu- 
laria  (aluminic  calcic  silicates).  Phenacite  (beryllic  silicate),  emerald 
(beryllic  aluminic  silicate),  felspar  (potassic  aluminic  silicate),  chloropal 
(iron  silicate),  zircon  (zircouic  silicate),  willemite  (ziucic  silicate),  etc. 
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Varieties.— The  salts  having  the  formula  M'4Si04,  have  been 
named  ortho-silicates,  and  the  salts  with  the  formula  M'oSiO..  meta- 
silicates.  There  exists  also  an  intermediate  class,  formed  by  the 
combination  of  a  molecule  of  each.  The  double  silicates  are  number- 
less. 

Preparation  of  Alkaline  Silicates.— By  fusing  silicic  anhydride 

or  the  insoluble  silicates,  with  the  alkaline  hydrates  or  carbonates. 

Properties. — Action  of  Heat. — The  silicates  are  mostly  fusible,  their 
fusibility  being  increased  by  admixture. 

Action  of  Water. — They  are  all  insoluble  in  water,  excepting  the 
alkaline  silicates  containing  an  excess  of  base. 

Action  of  Acids. — The  anhydrous,  normal  and  acid  silicates  of  the 
earths,  are  not  decomposed  by  any  acid  except  hydrofluoric.  The 
hydrated  silicates  are  decomposed  by  all  acids.  If  COg  be  passed 
through  a  solution  of  sodium  silicate,  silicic  acid  is  precipitated  as  a 
gelatinous  deposit. 

The  silicates  are  alkaline  to  turmeric. 

The  Sllico-fluorides  or  Fluo-silicateS  are  salts  of  hydrofluosilicic 
acid  (HoSiFfi).  Treated  with  an  excess  of  base  they  undergo  decom- 
position, forming  silicates  and  fluorides  (KgSiFg-l-SKHO  =  1^48104 -f 
6KF-f  4H2O).  The  silico-fluorides  of  potassium  and  barium  are  in- 
soluble in  water. 

XXXVI.-Borates. 

Salts  of  boric  acid,  H3BO3,  are  formed  by  the  action  of  the  acid  on 
metallic  hydrates,  oxides  or  carbonates. 
The  following  are  examples  : — 

(  KBOo  {meta). 

Potassium  borates  <  J5^^A^^^^J*^V  s 
)  K2B407,6H20  {vyro). 

\  KIIBgOio,  4H2O. 

Rubidium  borate  E.b2B407,6H20. 

Ammonium  borates   j  g^^J^'^^^B  A3H2O. 
Magnesium  borate      Mg32B20a  (prtho). 

The  metaborate  of  potassium  (KBO2),  is  prepared  by  fusing  boric 
anhydride  with  potassium  carbonate.  A  potassium  hydric  borate 
(KH,2(B02)2H20)  ;  also  K2B407,6H20  ;  also  KHBgOio.iHsO  are 
some  of  the  other  borates  of  potassium  that  have  been  prepared. 

The  borates  resemble  the  silicates  in  the  variety  of  the  proportions 
in  which  they  enter  into  combination  with  the  alkaline  bases.  All  the 
borates  are  more  or  less  soluble  in  water,  the  alkaline  borates  being 
very  soluble,  and  the  others  less  so.  They  are  all  soluble  in  dilute 
nitric  acid.    The  borates  impart  a  green  light  to  flame. 
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XXXVII -Double  Salts. 

Definition. — Salts  in  which  the  displaceable  hydrogens  of  the  acid 
have  been  exchanged  by  different  metals  or  compound  radicals. 

Varieties. — (I.)  Salts  formed  by  a  combination  of  tivo  metals  with 
the  same  acid  radical  : — 

(a.)  The  bicarbonates  (HNaCOs),  binoxalates,  etc.,  are  thus  double 
salts,  the  hydrogen  playing  the  part  of  a  metal. 

One  hydrogen  of  a  dibasic  acid  may  be  displaced  by  one  metal, 
and  the  second  hydrogen  by  a  different  metal,  as  in  Rochelle  salt  where 
sodium  and  potassium  are  combined  with  tartaric  acid  (KNaC4H406), 
or  as  in  the  sodium  potassium  disulphate  (NaK32S04),  where  2SO4 
is  combined  with  K3  and  Na. 

Thus  we  have  double  sulphates,  double  carbonates,  double  sili- 
cates, etc. 

(II.)  Combinations  of  oxides  of  different  classes  with  their  several  equi- 
valents of  the  acid  radical : — 

Thus  in  common  alum  we  have  a  sulphate  of  potash  combined  with 
a  sulphate  of  alumina  (K20,S03  + AI2O33SO3),  forming  the  compound 
K2Al24S04  +  24aq. 

(III.)  Combinations  of  salts  with  saline  or  constitutional  water  : — 

Thus  one  molecule  of  water  in  magnesic  sulphate  (MgS04,H204- 
6H2O)  cannot  be  expelled  by  a  heat  of  212°  F.,  as  the  other  six  mole- 
cules of  water  may  be.  This  seventh  molecule  of  HgO,  may  be  re- 
garded as  a  salt  (hence  called  saline  water),  and  may  be  replaced 
by  a  molecule  of  certain  anhydrous  salts  not  isomorphous  with  it, 
such  as  potassium  sulphate,  forming  (MgS04,K2SO„6H20). 

(IV.)  The  combination  of  two  acid  radicals  with  one  basic  radical.  These 
are  comparatively  unimportant,  and  can  scarcely  be  regarded  as  true 
double  salts. 

(V.)  The  combination  of  haloid  salts  with  haloid  salts,  such  as  potas- 
sium chloride  with  platinic  chloride  (2KC],PtCl4). 

Preparation.— Double  salts  are  prepared  (1)  either  by  the  ad- 
mixture of  solutions  of  two  salts  in  equivalent  proportions,  or  (2)  by 
the  fusion  of  the  two  salts. 

The  following  are  some  of  the  double  salts  :— 
^  1-  Double  Haloid  Salts.— Where  an  alkaline  haloid  salt  is  com- 
nned  with  a  haloid  salt  of  a  metal  having  a  feebler  affinity  for  oxygen 
'han  the  alkaline  salt,  as  e.g.  (2KCl,PtCl4) ;  (NaCi,AuCl3,2H20). 

2.  Double  Sulphur  Salts.— (a.)  Double  suljMdes,  as  e.g.,  alkaline 
udphideswith  higher  sulphides  (3Na2S,As2S5,I5H20)  ;  (31<fn,S,Sh,S„. 
iyH2U).  m  Hydrosulphides,  &3  e.g.,  {KRS)  ;  (MgH2S2).  (In  these 
Hits  H  acts  as  a  metal.)  ^    ^    e   2  aj  \ 

3-  Double  Oxysalts.— (a.)  Double  sulphates,  such  as  the  acid 
'dphates  or  hisulphates  (NaHS04);  the  alums;  and  such  other  double 
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sulphates  as  Na2Ca2SO.i  (glaubente),  MgS04,K2S04,6H20 ;  and  also 
soda  with  magnesia,  potash  with  manganese  or  with  zinc,  etc. 

(/3.)  Double  carbonates,  such  as  MgCa2C0,.,  (dolomite),  BaCa2C03 

(baryto-calcite),  etc. 

(y.)  Double  silicates,  such  as  silicate  of  alumina  with  silicate  of 
potash  (felspar),  or  with  silicate  of  soda  (albite),  or  with  silicate  of  lime 
(anorthite),  or  with  silicate  of  glucinum  (emerald),  etc.  Porcelain  is  a 
double  silicate  of  lime  and  alumina;  glass,  of  potash  or  of  soda  with 
silicate  of  lime,  magnesia,  alumina,  lead,  etc. 

(a.)  Double  tartrates,  such  as  Rochelle  salt.  Similarly  there  are 
double  citrates,  etc. 


CHAPTER  XIII. 
THE  ALKALINE  METALS. 


Symbol. 

Atomic 
"Weight. 

Specific 
Heat. 

Fusing 

f  Point. 
°F. 

Specific 
Gravity. 

Anunonium  | 

K 
Na 
Li 

Cs 
Eb 
NH, 
(or  Am) 

39-0 
23-0 
7-0 
1330 
85-3 

1  18-0 

0-16956 
0-29340 
0-94080 

(?) 
0-077 

62-6 
97-6 
180-0 
26-5 
38-6 

144-5 
207-7 
356-0 
77-8 
101-3 

0-865 
0-972 

0-  693 

1-  88 
1-62 

Electric 
Conduc- 
tivity. 
68-71F. 


20-85 
37-43 
19-0 


General  Remarks. 

Characters. — The  alkaline  metals  decompose  water  at  ordinary 
temperatures.  They  form  soluble  oxides,  sulphides,  hydric  sulphides, 
md  carbonates.    The  carbonates  have  an  alkaline  reaction. 

History.— The  existence  of  the  alkaline  metals  was  prophesied 
>j  Lavoisier  (1793).  Sir  H.  Davy  obtained  potassium  and  sodium 
n  1807,  by  decomposing  the  alkalies  with  the  galvanic  battery, 
.ithia  was  first  prepared  by  Arfvedson  in  1817,  the  existence  of  the 
iietal  lithium  being  afterwards  demonstrated  by  Davy.  It  was  first 
prepared  in  quantity  by  Matthiesseu  (1855).  ("Phar.  Journ.,"  XV.,  p. 
^31.)  Rubidium  and  cesium  were  discovered  by  Bunsen  and  Kir'ch- 
loff  m  1860  by  their  peculiar  spectra. 

G-eneral  Properties.-(a.)  Physical.  The  alkaline  metals  are  soft, 
isily  fusible,  and  volatile. 

(13.)  Chemical.  They  tarnish  rapidly  in  the  air.  They  decompose 
vater  liberating  hydrogen  at  ordinary  temperatures.  They  are 
i.uva  ent.  They  furnish  several  oxides,  but  only  one  basic  oxide 
-U/^U),  which  IS  very  deliquescent,  very  caustic,  and  very  alkaline 
0  test  paper.    The  hydrates  (MHO)  cannot  be  decomposed  by  heat. 

>ey  rapidly  absorb  CO,,  forming  both  normal  and  acid  carbonates, 
i^e  alkaline  metals  form  but  one  chloride.  Nearly  all  their  salts  are 
oluble  and  alkaline. 

z  2 
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POTASSIUM  (Ke). 

Atomic  weight,  39'0.    Atomicity,  monad  (')  (KCl,  KI).    Specific  gravity y 
0-865.    Fuses  at  144-5°  F.  (62-5°  C).    Boils  at  a  low  red  heat. 

History.— Isolated  by  Davy  (1807).    [K  =  Kalium.] 

Natural  History.— Found  (a.)  in  the  animal  kingdom;  (fi.)  in 
the  vegetable  kingdom,  as  a  sulphate  and  chloride,  and  combined  with 
vegetable  acids  ;  (y)  in  the  mineral  kingdom  in  various  combinations, 
such  as  potash  felspar  or  orthoclase  (KoAlgSisOje)  ;  leucite  (K2Al2Si40i2) ; 
carnallite  (KCl,  MgCU,  GHgO),  etc.;  also  in  sea  and  spring  water,  etc. 

Preparation. — (l.)  (Ordinary  jyrocess.)  By  decomposing  potassium 
carbonate  with  charcoal  (Curandau  and  Brunner).    Thus  : — 

(a.)  The  crude  tartar  from  wine  casks  (KHC4H4O6)  is  incinerated, 
a  mixture  of  potassium  carbonate  with  carbon  being  formed : — 

2KHC4H4O6    =    K2CO3    +  5H2O  +     4C0     +  3C. 
Hydric  potassium    =    Potassium    +    "Water    +    Carbonic    +  Cai-bon. 
tartrate.  carbonate  oxide 

(/3.)  The  residue  is  now  intensely  heated  in  an  iron  retort,  the  potas- 
sium being  distilled  into  a  receiver  containing  naphtha — 

K2CO3         +02=        3C0         +  Kg. 
Potassium  carbonate  +    Carbon    =    Carbonic  oxide    +  Potassium. 

(Chalk  is  commonly  added  to  the  mixture  to  prevent  fusion.) 

The  metal  is  redistilled  to  get  rid  of  absorbed  CO,  otherwise  the 
potassium  is  liable  to  explode. 

(2.)  By  the  electrolysis  of  potassium  hydrate  (Davy,  1807),  the 
metal  and  hydrogen  being  evolved  at  the  negative  pole. 
•  (3.)  By  the  action  of  white  hot  iron  on  potassium  hydrate  (Gay 
Lussac,  1808),  (4KHO  +  3Fe=Fe304+2K2  +  2H2). 

Properties. — («•)  Physical.  Potassium  is  a  soft  and  silvery-white 
metal.  It  may  be  obtained  in  crystals  by  fusion  in  an  atmosphere 
of  coal  gas,  and  pouring  off  the  liquid  portion.  The  specific  gravity 
of  the  metal  (0-865),  being  less  than  water,  it  floats  upon  it.  It 
is  brittle  and  crystalline  at  82°  F.  (0°  C),  but  becomes  malleable  a 
little  above  this  temperature.  It  fuses  at  144-5°  F.  (62-5°  C),  and 
boils  at  a  low  red  heat,  when  it  evolves  a  green  gas.  Its  spectrum 
consists  of  two  lines  at  A  and  B,  and  a  third  violet  line  in  the  blue  end, 

(/3.)  Chemical.  It  has  a  strong  affinity  for  oxygen,  oxidizing  in- 
stantly in  air  ;  hence  it  is  commonly  preserved  under  naphtha.  It 
burns  with  a  violet  flame  when  heated.  When  brought  up  to  a  red  heat 
in  an  atmosphere  of  COg  or  of  CO,  it  liberates  carbon  (C02  +  2K2  = 
2K2O  +  C),  the  carbon  at  a  higher  temperature  reducing  the  potassium 
oxide  (KoO  +  C  =  CO  +  K2).  It  decomposes  water  at  ordinary  tempera- 
tures, liberating  hydrogen  (K2  +  2H2O  =  2KHO  +  H2),  which  fires 
spontaneously,  owing  to  the  heat  of  the  reaction,  potassium  hydrate 
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remaining  in  solution.  It  fires  spontaneously  in  chlorine,  and  when 
brought  into  contact  with  bromine.  It  decomposes  HgS  (H2S  +  K2= 
KjS  +  Hj),  and  combines  readily  with  sulphur  and  phosphorus. 

Uses. — In  the  laboratory,  to  expel  less  strongly  electro-positive 
elements.    {See  Boron,  Silicon,  etc.) 

Compounds  of  Potassium.— (K= 39). 


Salts. 


0) 

'S 

o 


-3 
.f-t 

o 
'a 

W 


o 
02 


o 


c3 

i— * 


o 

0) 


CO 
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Potassium  hydride   

oxide  (p.  342)   . .    . . 
dioxide  (p.  342) 
peroxide  (p.  342) 
hydrate  (p.  342)     , . 
chloride  (p.  344)     . . 
iodide  (p.  344) 
bromide  (p.  345) 
fluoride  (p.  345) 
hydric  fluoride . . 
fluosilicate  (p.  345) . . 
cyanide  (p.  345)  .  . . 
fexTOcyanide  (p.  346) 
fenicyanide  (p.  346) 
sulphide  (p.  346)     . . 
disulphide  (p.  346).. 
trisulphide  (p.  346) . . 
tetrasulphide  (p.  346 
pentasulphide  (p.  346 
heptasulphide  . . 
sulph-hydrate  (p.  346) 
siilphate  (normal)  (p. 

347)   

hydiic  sulphate  (acid) 

(p.  347)  

thiosulphate 
pyi-osulphate   . . 

dithionate  

sulphite  (p.  347) 
hydric   sulphite  (p. 

347)   

pyrosulphite 
orthophosphate . . 
hydric  orthophosphate 
dihydric  phosphate  . . 
pyrophosphate  . . 
hjdric  pyrophosphate 
metaphosphate  . . 
phosphite  

arsenates  , .     . ,  | 

sulpharsenate  . . 
antimonate 
Bulphantimonate 
carbonate  (normal)  (p. 

347)   

hydric  carbonate  (p. 

348)  ..     ..  .. 
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Foi-mula. 


K,o; 

KHO 

KCl 

KI 

KBr 

KF 

KHF, 
2KF,SiF, 

KCy 
K.FeCy, 
KaFeCy^ 

KjS 

K,8, 

K,S3 

K,S,  (?) 
KHS 

HKSO, 
KjS,03,5H207 

KjS03,2HjO 
HKSO3 

KjHPO, 

K,PjCL,3H20 
K,H„P„07 

KPO3 

K,P03 
KgAsG^ 
EjHAsU, 

K3A8S7 

KSbOa 

KjSbS, 

K,C03 
KHCO, 


138-2 
100-0 


79-0 

94-0 

110-0 

142-0 

56-0 

2-1 

74-5 

1-994 

166-0 

3-056 

119-0 

2-670 

58-0 

2-454 

78-0 

220-7 

65-1 

368-4 

329-3 

110-2 

142-2 

174-2 

206-2 

238-2 

72-1 

174-2 

2-66 

136-1 

2-175 

342 


Handbook  op  modern  chemistry. 


43 

44 

45 

46 

47 

48 

49 

o 

50 

61 

62 

53 

54 

55 

CQ 

56 

03 
^ 
-•-» 
^1 

CS 

H 

57 

68 

Salts. 


Potassium  nitrate  (p.  348) . . 

nitrite  (p.  350) , . 
,,       chlorate  (p.  350) 
amide  (p.  351)  . . 
perchlorate  (p.  351) . . 
bromate  (p.  351) 
,,       iodate  (p.  351) . . 
,,       periodate  (p.  361)    . . 

, ,  selenate  

,,  tellurate  

borate  (meta) 
tartrate  (p.  351) 
, ,       hydric  tartrate  (cream 
of  tartar)  (p.  351).. 
sodic  tai-trate(Rochelle 

salt)  (p.  351) 
antimonious  tartrate 
(tartar  emetic)  (p. 

351)   

,,  silicate   


Formula. 


KNO, 
KNO, 
KClOo 
KNH' 
KCIO, 
KBrO. 
KIO, 
KIO, 
KjSeO^ 
KjTeO, 
KBO, 

KNaC.H.Og 


K(SbO)C4H,06 
K.SiO, 


-35 

o  bo 


lOM 
85-1 
122-6 

138-6 


226-2 
188-1 
210-1 

341-1 


CoBiPOUNDs  OF  Potassium  with  Oxygen  and  Hydroxyl. 

Potassium  oxide       ...        ...        ...  -KoO. 

Potassium  dioxide     ...        ...        ...  KoOo. 

Potassimn  peroxide   ...       ...       ...  K2O4. 

Potassium  hydrate    ...       ...       ...  KHO. 

(2.)  Potassium  Oxide ;  Potassa;  Anhydrous  j^otasJi  (KoO=9-i'0). 

Preparation. — (1.)  By  beating  togetlier  potassium  and  potassium 
hydrate  (2KH0  +  K2=2K20  +  Hg) • 

(2.)  By  fusing  a  mixture  of  potassium  and  potassium  peroxide  in  an 
atmosphere  of  nitrogen  (K204+3K2=4K£0). 

(3.)  By  the  spontaneous  oxidation  of  potassium  in  dry  air. 

Propej'ttes. — A  white,  deliquescent  solid,  possessing  powerful  basic 
properties.  It  combines  with  water,  with  the  evolution  of  great  heat, 
to  form  potassium  hydrate  (K20  +  H20=2KHO).  It  fuses  at  a  red 
heat,  and  volatilizes  at  high  temperatures. 

(3.)  Potassium  Dioxide  (K2O2).  A  solution  of  KgOg  is  formed 
when  K2O4  is  dissolved  in  water. 

(4.)  Potassium  Peroxide  (K2O4)  is  prepared  by  fusing  potassium 
in  a  current  of  oxygen.  Neither  the  dioxide  nor  peroxide  form  cor- 
responding salts  with  acids. 

(5.)  Potassium  Hydrate;  Potash;  Caustic  potash;  Potassa; 
Potassium  hydroxide  (KHO=56). 

Preparation— {I.)  By  boiling  calcium  hydrate  (CalLO^)      an  i'**^^ 
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vessel  with  a  dilute  solution  (10  per  cent.)  of  potassium  carbonate 
(pearlas?i)  (K2C03  +  CaHoOo=2KIIO  +  CaC03).  [If  a  strong  solution 
of  KoCOs  be  used,  a  reverse  reaction  results  (2KHO  +  CaC03= 
K.COs  +  CaHsOg).]  The  solution  of  potassium  hydrate  (KHO),  after 
being  decanted  from  the  insoluble  calcium  carbonate  (CaCOs)  and  the 
excess  of  lime,  is  evaporated  down  in  an  iron  or  silver  basin,  until  it  is 
capable  of  solidifying  on  cooling. 

(2.)  By  burning  potassium  in  pure  dry  oxygen,  and  treating  the 
oxides  so  formed  with  water. 

(3.)  By  igniting  a  mixture  of  potassium  nitrate  (1  part)  and  copper 
foil  (3  parts)  in  a  copper  vessel,  and  extracting  the  residue  with  water. 

Properties. — ^Potassium  hydrate  is  a  deliquescent  solid,  soluble  in 
about  half  its  weight  of  water  with  the  evolution  of  heat.  Unlike 
most  potassium  compounds,  it  is  soluble  in  alcohol.  It  has  a  strong 
caustic  taste,  and  a  nauseous  smell.  It  fuses  at  a  red  heat.  At  a 
high  temperature,  it  is  wholly  volatile  without  decomposition.  The 
water  of  the  hydrate  cannot  be  expelled  by  heat.  It  is  regarded, 
therefore  as  a  potassium  hydroxide  (KHO)  rather  than  a  hydrate  of 
potash  (KgO,  H2O). 

Caustic  potash  has  an  intensely  alkaline  reaction,  neutralising  all 
acids  with  the  formation  of  water  and  the  corresponding  potassium 
salt  (KHO  +  HN03=KN03  +  H20).  When  added  to  a  solution  of  a 
metal  that  possesses  an  insoluble  hydrate,  such  hydrate  will  be  precipi- 
tated (Fe2C]6  +  6KHO=Fe2H606  +  6KCl).  It  acts  energetically  on 
all  organic  matter.  It  rapidly  absorbs  carbonic  acid ;  hence  one  of 
its  chief  laboratory  uses.  It  unites  with  silica  when  heated,  forming 
potassium  silicate.  It  decomposes  the  fixed  oils,  converting  them 
into  soaps  ;  hence  its  use  as  a  lye  in  soap  making. 

Tests  for  ptirity. — ^Pure  potassium  hydrate  (1)  is  perfectly  soluble  in 
water  and  in  alcohol  ;  (2)  gives  no  precipitate  with  baryta  water 
(proving  the  absence  of  carbonates  and  sulphates);  (3)  gives  no  pre- 
cipitate with  ammonium  oxalate  (proving  the  absence  of  lime) ;  (4)  gives 
no  precipitate,  in  a  solution  neutrahzed  with  HNO3,  with  argentic 
nitrate  (proving  the  absence  of  chlorine);  (5)  gives  no  precipitate 
Avith  ammonium  sidphide  (proving  the  absence  of  iron,  etc.). 

Purif  cation. — The  potash  is  dissolved  in  alcohol,  and  the  clear 
solution  evaporated  to  dryness.  In  this  way  the  removal  of  potassium 
peroxide,  carbonate,  sulphate,  and  chloride,  together  with  the  silicates 
of  lime,  alumina,  iron,  and  lead,  all  of  which  compounds  are  insoluble 
in  alcohol,  may  be  efEected.  The  solution  in  water  must  be  pre- 
served in  glass  free  from  lead,  otherwise  the  lead  oxide  will  be 
dissolved. 

The  liquor  potassa)  of  the  B.P.  contains  6  per  cent,  of  KHO  (sp. 
gr.  1-058).  The  specific  gravities  of  solutions  of  various  strength  are 
given  in  Table  V.  of  the  Appendix. 
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Haloid  Salts. 

(6.)  Potassium  Chloride  (KCl=74-5).  Sources.— -This  salt  is  the 
predominant  salt  in  flesh.  It  is  obtained  from  sea-water  residue 
(Balard) ;  also  from  the  ashes  of  sea- weed  ("  kelp  ")  ;  also  from  the 
refuse  of  the  beet-sugar  manufacture;  also  as  a  product  of  the 
potassium  chlorate  manufacture.  It  is  found  as  a  natural  product 
(sylvine),  and  also  with  chloride  of  magnesium  in  the  salt  mines  of 
Stassfurth,  near  Magdeburg  {Carnallite;  KCl,  MgClg,  SHgO). 

Properties.— The  salt  crystallizes  in  cubes.  Sp.  gr.  1-9.  It  is  in- 
soluble in  alcohol,  but  is  soluble  in  three  times  its  weight  of  water  at 
common  temperatures,  and  in  twice  its  weight  at  212°  F.  (100°  C).  It 
fuses  at  1353°  F.  (734°  C),  and  is  volatile  above  this  temperature.  It 
absorbs  the  vapor  of  SO3,  forming  KCISO3,  which  salt  is  decomposed 
by  water.  It  is  largely  used  in  the  nitre  manufacture  (see  page  274). 
Its  laboratory  use  depends  on  the  insolubility  in  alcohol  of  the  double 
salt  formed  by  it  with  platinic  chloride  (2KCl,PtCl4),  a  reaction 
employed  in  the  quantitative  determination  of  potassium  compounds. 

(7.)  Potassium  Iodide  (Kl=i66-o). 

Preparation.^ (l.)  (a.)  Iodine  is  added  to  a  solution  of  caustic 
potash  (KHO),  potassium  iodide  (KI)  and  potassium  iodate  (KIO3) 
being  formed.    Thus — 

6KH0       +    3I„   =       5KI        +        KIO3       +  3H2O. 
Potassium  hydrate  +  Iodine  =  Potassium  iodide  +  Potassium  iodate  +  Water. 

(/3.)  This  mixture  is  then  heated,  whereby  the  KIO3  is  reduced  to 
KI,  with  the  evolution  of  oxygen. 

(2.)  By  dissolving  potassium  carbonate  (K2CO3)  in  hydriodic  acid : — 

K2CO3  +  2HI  =  2KI  +  CO2  +  HoO. 
Potassium  +  Hydriodic  =  Potassium  -f  Carbonic  +  Water, 
carbonate  acid  iodide  anhydride 

(3.)  (a.)  By  digesting  iron  and  iodine  in  water.  A  ferrous  iodide 
(Fels)  and  a  ferric  iodide  (Fegle)  are  first  formed  ; 

(/3).  To  the  boiling  solution  of  these  salts,  potassium  carbonate  is 
added,  carefully  avoiding  an  excess  : — 

Felg    +  Fejlg  +  4K2CO3  =     SKI     +     Fe304    +  4CO2. 
Ferrous  -f-  Ferric  +  Potassium  =  Potassium  +    Magnetic    -1-  Carbonic 
iodide         iodide        carbonate  iodide         oxide  of  iron  anhydride. 

The  Fe304,  is  now  filtered  off,  and  the  solution  of  KI  evaporated 
to  dryness. 

(4.)  By  adding  potassium  sulphate  to  barium  or  calcium  iodide. 

Properties. — Potassium  iodide  is  a  white,  crystalline  (cubic)  solid, 
somewhat  deliquescent,  very  soluble  in  water  (about  1  in  1)  and  iu 
alcohol  (1  part  in  6).  Its  aqueous  solution  dissolves  iodine.  The 
aqueous  solution  turns  yellow  on  keeping,  from  the  carbonic  acid  of 
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the  air  eifecting  slight  decomposition.  It  melts  at  1175°  F.'(635°C.)« 
Sp.  gr.  3*0.    It  is  decomposed  by  nitric  acid,  chlorine,  etc. 

Tests  of  purity. — There  should  be  no  change  on  adding  hydrochloric 
acid  to  its  solution.  If  the  solution  turns  broion,  potassium  iodate 
(KIO3)  is  present ;  if  it  effervesces,  the  presence  of  a  carbonate  is 
indicated. 

(8.)  Potassium  Bromide  (,KBr  =  11 9-0).  Its  preparation  is  simi- 
lar, and  its  properties  closely  correspond,  to  the  iodide.  It  is  soluble 
in  water— 1  in  2,  at  60°  F.  ;  1  in  1,  at  212°  F.  It  is  also  soluble 
in  alcohol.    Sp.  gr.  2-69.    It  melts  at  1292° F.  (700°  C). 

(9.)  Potassium  Fluoride  (KF)  is  prepared  by  neutralizing  HF 
with  KHO.  It  is  deliquescent,  and  its  solution  dissolves  glass.  It 
forms  numerous  double  fluorides. 

(11.)  Potassium  Fluosilicate  (or  siUco-Jliioride)  (2KF,SiF4). 
This  is  the  most  insoluble  of  the  potash  salts.  It  is  formed  as  a 
gelatinous  precipitate,  when  hydrofluosilicic  acid  (2HF,SiF4)  is  added 
to  a  solution  of  a  potassium  salt.  When  dry  it  has  the  appearance  of 
an  earthy-looking  powder. 


(12.)  Potassium  Cyanide  (KCy). 

Preparation. — By  fusing  a  mixture  of  potassium  carbonate  and 
potassium  ferrocyanide  : — 

2K4FeCy6  +    2K2CO3  =  lOKCy  -f-  2KCyO  +  Fcg  200.. 

Potassium    -f    Potassium  =  Potassium  -f-  Potassium  -f  Iron  -(-  Carbonic 
feiTocyanide         carbonate         cyanide  cyanate  anhydride. 

Properties.— A  white,  deliquescent,  peculiar-smelling,  alkaline  salt, 
freely  soluble  both  in  water  and  in  alcohol.  It  easily  decomposes, 
liberating  hydrocyanic  acid  (HCy).  It  melts  at  a  low  temperature, 
when  it  acts  as  a  powerful  reducing  agent,  owing  to  the  ease  witli 
Avhich  it  forms  a  cyanate  (KCyO).  Hence  its  use  as  a  flux  (PbO  + 
KCy  =  KCyO  +  Pb). 

Its  solution  dissolves  the  insoluble  silver  salts  ;  hence  its  use  in 
photography  and  in  electro-plating. 

(13.)  Potassium  Ferrocyanide,  Yellow  prussiate  (K^FeCygjSHgO). 

Preparation. — By  heating  a  mixture  of  potassium  carbonate  (KgCOg), 
iron,  and  nitrogenized  organic  matter.  The  fused  mass  is  lixiviated 
(dissolved  in  water),  and  the  clear  solution  crystallized. 

Properties. — The  salt  has  a  yellow  color,  is  permanent  in  air,  and 
13  decomposed  by  heat.  It  is  insoluble  in  alcohol,  but  is  soluble  in 
water  (1  in  4  at  60°  F.,  and  1  in  2  at  212°  F.). 

It  is  used  as  a  test  re-agent,  as  a  case-hardener,  and  in  the  manu- 
facture of  Prussian  blue. 
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.  (14.)  Potassium  Ferricyanide,  lied  pmssiate  (K.jFe"'Cy6). 

Preparation. — By  passing  chlorine  (avoiding  an  excess)  through  a 
cold  dilute  solution  of  potassium  ferrocyanide  until  it  turns  red. 

Properties. — It  is  decomposed  by  an  excess  of  chlorine,  and  by 
oxidizing  agents. 


Compounds  of  Potassium  and  Sulphur. 


Potassium  sulphide 

Potassium  disulphide 

...  ICgSo. 

Potassium  trisulphide 

•  ••  K0S3. 

Potassium  tetrasulphide  ... 

...  KijS^. 

Potassium  pentasulphide ... 

•  •  • 

Potassium  heptasulphide... 

•  •  •          "^^2  S'y » 

Potassium  sulphhydrate  ... 

KHS. 

(15.)  Potassium  Sulphide  (KgS). 

Preparation. —  (1.)  By  igniting  K2SO4  with  carbon  in  a  current  of 
hydrogen  (K2SO4  +  4C  =  K„S  +  4C0). 

(2.)  By  the  action  of  KHOon  KHS  (KHO  +  KHS  =  ICS  +  H„0). 

Colorless  crystals  (crystals  =  K2S,5H20)  very  soluble  in  water,  the 
solution  dissolving  the  sulphides  of  tin,  antimony,  and  arsenic. 
On  exposure  to  air  in  solution  it  absorbs  oxygen,  forming  a  hydrate 
and  a  thiosulphate  (2K2S  +  IIoO  +  2O2  =  K2S2O3  +  2KH0). 

(16.)  Potassium  Disulphide  (KoSo),  is  an  orange-colored,  fusible 
solid.    Prepared  by  exposing  KHS  to  air. 

(17.)  Potassium  Trisulphide  (Ks^s)- 

Preparation. — By  passing  the  vapor  of  CSo  over  ignited  potassium 
carbonate  : — 

2K2CO3    +     3CS2    =     2K2S3     +     4C0     +  CO2. 
Potassium    -|-     Carbon     =     Potassium    +    Carbonic    +  Carbonic 
carbonate         disulpbide         trisulphide  oxide  anhydride. 

The  "  hepar  sulpJmris,"  or  "  liver  of  sulj)hur  "  Qwtassa  sulpliwatd),  is 
a  compound  of  SKgSg  and  K2SO4,  and  is  prepared  by  fusing  sulphur 
with  potassium  carbonate:  — 

4K2CO3       +    0S2      =  K2SO4  +  3K2S3  +  4CO2. 

Potassium  carbonate  +  Sulphur     =     Liver  of  sulphur     +    Carbonic  anhydride. 

(19.)  Potassium  Pentasulphide,  Potassium  Persulphide  (K2S5). 

Prep)aration. — Either  by  the  fusion  of  a  solid  sulphide,  or  by  boiling 
a  solution  of  a  sulphide  with  an  excess  of  sulphur. 

Properties. — A  deliquescent  solid,  forming  when  dissolved  a  deep 
yellow  solution. 

(21.)  Potassium  Sulph-hydrate,  or  Potassium  Hydric  Sulphide 
(KHS  =  72-1).    The  analogue  of  KHO. 

Preparation. — (In  Solution.)  By  saturating  potassium  hydrate  with 
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sulphuretted  hydrogen  ;  or  (as  a  solid)  by  heatuig  potassium  or  potas- 
sium carbonate  in  HgS  : — 

KHO        +  H,S  =  KHS  +  H,0. 

Potassium  hydrate  +  Sulphuretted  hydrogen  =  Potassium  8ulph-hydrate+  Water. 

The  sohition  turns  yellow  on  exposure  to  air,  and  freely  absorbs 
oxygen  (4KHS  +  Oo  =  2K0S2  +  2H2O). 

All  the  sulphides  have  an  alkaline  reaction,  and  a  sulphuretted 
hydrogen   odor.     They  all  liberate   sulphuretted   hydrogen  when 
treated  with  acids.    On  adding  an  acid  this  distinction  is  to  be  noted 
that  — 

(a.)  With  KoS  and  KHS,  sulphuretted  hydrogen  is  evolved,  but  no 
sulphur  precipitated  (KHS  +  HC1=  KCl  +  HjS). 

(/3.)  With  the  other  sulphides,  in  addition  to  sidphuretted  hydrogen 
being  evolved,  finely-divided  ivhite  sulphur  is  precipitated  (KoSg  + 
2HC1  =  2KC1  +  HoS  +  S2). 

The  higher  sulphides,  on  exposure  to  air,  become  white  from  the 
formation  of  potassium  thiosulphate  (K2S2O3),  the  excess  of  sulphur 
being  liberated. 

OXYSALTS  OF  POTASSIUM. 

(22.)  Potassium  Sulphate  (normal  salt ;  K2SO4  =  174-2). 

Properties. — The  crystals  are  six-sided  prisms,  insoluble  in  alcohol, 
soluble  in  water  (1  in  12  cold — 1  in  4  boiling).  The  solution  is 
neutral.  It  is  obtained  as  a  by-product  from  the  mother  liquors 
formed  both  in  the  preparation  of  carbonate  of  potash  from  wood 
ashes,  and  in  the  manufacture  of  soda  from  kelp,  etc.  The  crystals 
decrepitate  when  heated,  and  melt  unchanged  at  a  red  heat. 

(23.)  Potassium  Hydric  Sulphate;  Potassium  msulphate  (acid 
salt  ;  HKSO4  =  136-1).  This  salt  is  a  residuary  product  of  the  nitric 
acid  manufacture.  TJie  crystals  are  rhomboidal  tables.  Fuses  at  392° 
F.  (200°  C).  When  dissolved  in  a  great  excess  of  water,  the  normal 
salt  cry staUizes  out.  Heated  above  200°  C.  it  hecome^  potassium  pyro- 
sulphate  (K2S2O7),  which  at  1112°  F.  (600°  C.)  becomes  the  normal 
salt,  whilst  oxygen,  sulphuric  and  sulphurous  anhydrides  are  evolved. 

(27.)  Potassium  Sulphite  (K2S03,2H20)is  prepared  by  expeUing 
the  CO2  from  a  solution  of  KgCOg  by  SOg.  When  heated  it  yields  a 
sulphate. 

(28.)  Potassium  Hydric  Sulphite  (KHSO3)  emits  an  odor  of 

vSOg.    By  exposure  to  air  it  becomes  a  sulphate. 

(41.)  Potassium  Carbonate  (K2C03  =  138-2).  Preparation.— (l.) 
Wood-asiies  (which  contain  potassium  carbonate,  sulphate  and  chloride) 
are  first  of  all  mixed  with  water.  The  solution  is  then  evaporated 
down  until  it  begins  to  crystallize.  The  clear  liquor  containing  the 
more  soluble  potassium  carbonate  (the  impurities  having  crystallised 
out),  is  then  poured  off  and  boiled  down  in  an  iron-pot  (hence  the 
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term  2)ot-ash),  and  the  residue  calcined.  This  is  again  dissolved  in 
water  and  the  solution  evaporated  down,  this  residue  being  known  as 
"American  ash"  or  "pearl-ash,"  which  contains  about  80  per  cent, 
of  the  carbonate. 

(Note. — The  potassium  is  not  present  in  the  plant  as  potassium 
carbonate,  but  in  combination  with  various  organic  acids.  These  salts 
are  decomposed  by  heat,  the  hydrogen  and  excess  of  carbon  passing 
off  as  H2O  and  COg.  Further,  the  younger  the  plant,  the  larger  the 
yield  of  potash.) 

(2.)  By  deflagrating  a  mixture  of  cream  of  tartar  and  nitre. 

(3.)  It  may  also  be  obtained  from  the  sulphate  by  a  process  similar  to 
the  Leblanc  process  (p.  357). 

(4.)  A  pure  carbonate  may  be  obtained  by  the  careful  crystallization 
of  the  residue  remaining  after  cream  of  tartar  (KHC4H4O6)  has  been 
heated  to  redness  in  a  platinum  crucible. 

Pro;)eri?es.— Potassium  carbonate  (sp.  gr.  2*2)  is  a  white,  deliquescent 
salt,  crystallizing  in  oblique  rhombic  octahedra.  It  is  insoluble  in 
alcohol,  but  soluble  in  water  (1  in  1  aq.),  the  solution  having  an 
alkaline  reaction.  From  the  solution  it  crystallizes  as  2K2C03,3H20, 
which  dried  at  212°  F.  (100°  C.)  becomes  K2C03,H20  and  at  a  higher 
temperature  K2CO3.  It  melts  at  a  red  heat  [1540°  F.  (838°  C.)],  and 
is  slightly  volatile  at  a  higher  temperature.  When  sand  (SiOg)  is  added 
to  the  melted  salt,  COo  escapes,  a  potassium  silicate  being  formed, 

(42.)  Potassium  Hydric  Carbonate;  ^cid  Potassium  Carbonate, 
Bicarbonate  of  Potash  (KHCO3  =  100-1). 

Preparation. — By  passing  COg  through  a  cold  solution  of  potassium 
carbonate  (K2CO3)  (K2CO3  +  CO2  +  H2O  =  2KHCO3). 

Properties. — A  neutral  body,  crystallizing  in  right  rhombic  prisms, 
which  are  permanent  in  air.  It  is  less  soluble  in  water  than  K2CO3 
{1  in  4),  the  solution  being  feebly  alkaline.  It  fuses  when  heated, 
forming  the  normal  salt  C2KHCO3  =  K2CO3  +  H2O  +  CO2). 

(43.)  Potassium  Nitrate,  JS^itre  or  Saltpetre  (KN03  =  101-1),  is 
formed  naturally,  as  an  efflorescence,  on  the  soil  in  India,  and  is 
prepared  artificially  in  the  nitre-plantations  of  Sweden  {see  page  320). 
•"  Converted  nitre "  is  formed  from  sodium  nitrate  by  the  action 
upon  it  of  potassium  chloride.  The  sodium  chloride  is  about  equally 
soluble  in  hot  and  cold  water,  whereas  the  potassium  nitrate  crystallizes 
out  as  the  water  cools. 

Properties. — A  white  crystalline  solid.  Sp.  gr.  2-1.  It  is  dimorphous, 
crystallizing  both  in  rhombohedra  and  in  six-sided  prisms.  It  is 
insoluble  in  alcohol,  but  is  soluble  in  cold  water  in  the  proportion  of  1 
in  3-5,  and  in  boiling  water  as  3  in  1  of  water.  The  solution  is 
attended  with  great  absorption  of  heat.  When  heated  to  674°  F. 
(358°  C.)  it  melts,  the  fused  mass  forming  when  cast  into  shape  sal 
prunelle  balls."    When  potassium  nitrate  is  heated  to  redness,  oxygen  is 
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evolved,  and  a  potassium  nitrite  (KNOg)  formed ;  but  when  heated  above 
this  temperature,  the  nitrite  itself  is  decomposed  into  O,  N,  and  KgO. 
Hence  its  value  as  an  oxidizing  agent.  When  thrown  on  hot  coal,  the 
nitrate  deflagrates.  Paper  saturated  with  a  solution  of  the  salt  and 
dried,  constitutes  touch-paper.  Potassium  nitrate  is  used  in  the  gun- 
powder manufacture. 

Gunpowder. 

Composition. — A  mixture  of  nitre,  charcoal  and  sulphur  in  the  follow- 
ing proportions  : — 


English  and 
Austrian. 

Prussian. 

Chinese. 

French. 

75 

75-0 

75-7 

75-0 

15 

13-5 

14-4 

12-5 

10 

11-5 

9-9 

12-5 

100-0 

100-0 

100-0 

100-0 

Materials. 

Nitre. — Sodium  nitrate  is  never  used  in  the  manufacture  of  gun- 
powder on  account  of  its  being  far  more  hygroscopic  than  potassium 
nitrate,  and  possessing  much  less  powerfully  oxidizing  properties.  It 
is  of  importance  that  the  nitre  should  be  free  from  sodium  and 
potassium  chlorides,  as  their  presence  would  render  the  powder  liable  to 
become  damp. 

Charcoal. — Light  wood  charcoal,  such  as  that  from  the  alder  and 
willow,  is  the  form  best  adapted  for  the  manufacture  of  powder,  owing 
to  its  very  ready  combustibility. 

Sulphur. — The  sulphur  commonly  used  is  distilled,  and  not  sublimed 
sulphur.  On  mixing  a  quantity  of  the  sulphur  with  water,  the  solution 
should  be  barely  acid  to  litmus,  proving  the  absence  of  oxidised  pro- 
ducts. It  should,  when  burnt,  leave  no  ash.  The  distilled  sulphur 
is  the  electro-negative  or  soluble  form,  but  the  sublimed  sulphur 
contains  a  considerable  quantity  of  the  positive  or  insoluble  variety. 
Hence  the  superiority  of  the  distilled  over  the  sublimed. 

Preparation. — The  materials  are  severally  finely  powdered.  They  are 
now  mixed  in  "  incorporating  mills,"  a  small  quantity  of  water  being 
added.  The  mixture  is  then  submitted  to  hydraulic  pressure,  and  the 
cake  so  formed  "  granulated  "  in  order  to  permit  perfect  penetration  of 
flame.  The  grains  are  sorted  according  to  size,  and  dried  at  about 
125°  F.  If  the  powder  be  mixed  with  a  sufficient  quantity  of  incom- 
bustible material,  like  sand,  to  isolate  the  grains,  it  becomes  incom- 
bustible, whilst  if  it  be  very  finely  powdered,  it  merely  burns  and  does 
not  explode. 
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Properties.— Gunpowder  is  an  angular  grey  solid,  absorbing  from  0-5 
•to  I'D  per  cent,  of  moisture  when  exposed  to  the  air.  It  explodes 
at  about  550°  F.  (232°  C).  It  fires  with  difficulty  by  actual  flame. 
It  should  leave  no  residue,  and  should  not  set  light  to  the  piece  of 
paper  on  which  it  is  exploded. 

Decompositmi.— When  gunpowder  is  fired,  the  charcoal  burns  at  the 
expense  of  the  oxygen  of  the  nitre,  forming  COg  and  CO.  Some  of 
the  CO2  thus  formed  immediately  combines  with  the  potash  to  form 
K2CO3.  The  sulphur,  which  is  added  to  increase  combustibility, 
becomes  oxidized  to  SO3,  which,  combining  with  potash,  forms 
K3SO4.  Hence  the  solids  formed  by  the  explosion  of  gunpowder 
(equal^  to  about  57  per  cent,  by  weight  of  the  gunpowder  used)  are 
potassium  sulphate  and  potassium  carbonate,  and  the  gases  (equal  to 
about  43  per  cent,  by  weight  of  the  powder  used)  are  nitrogen,  car- 
bonic oxide,  and  carbonic  anhydride  : — 

4KNO3+   C4  +    S    =K2S04+  K0CO3+  +  2CO2  +  CO. 

Potas8ium+Carbon+Sulphiu:=Potas8ium+Potassium+Mtrogen+CarboDic+Carbonic 

sulphate      carbonate  anhydride  oxide. 

Other  bodies,  however,  such  as  KgS,  HgS  and  CH4  are  also  formed. 

Theor?/  of  gunpowder  explosions.— The  nitrogen  and  the  carbonic 
anhydride  set  free  by  firing  the  powder,  occupy  at  0°  C.  and 
standard  pressure  280  times  the  volume  of  the  original  powder  ;  but 
this  volume  of  gas  is  again  expanded  to  as  much,  probably,  as  five 
times  the  normal  bulk  by  the  heat  developed. 

A  cubic  inch  of  powder  yields  about  280  cubic  inches  of  gas  at 
normal  temperature  and  pressure.  The  high  temperature  of  explosion 
{4000°  F.),  if  the  powder  be  exploded  in  a  space  which  it  entirely 
fills,  increases  the  pressure  to  about  6,400  atmospheres  (42  tons  to 
the  square  inch.  By  the  explosion  of  1  lb.  of  powder  we  could  raise 
1  ton  480  feet  high.  (Dupr^.) 

(44.)  Potassium  Nitrite  (KNOo).  This  is  prepared  by  heating 
potassium  nitrate  {q.  v.).    It  is  a  white,  crystalline,  deliquescent  salt. 

(45.)  Potassium  Chlorate  (KCIO3  =  122-6).  P}-eparatio7i.  (1.) 
By  passing  chlorine  through  a  hot  solution  of  potassium  hydrate  :  — 

6KH0  +  3CI2  =  5KC1  +  5KCIO3  +3H2O. 
rotassium  hydrate  -f-  Chlorine  =  Potassium  chloride  +  Potassium  chlorate  +  Water 

The  chlorate  crystallizes  out  from  the  concentrated  liquor,  whilst 
the  potassium  chloride  remains  in  solution  owing  to  its  greater 
solubility. 

(2.)  By  passing  chlorine,  either  (a.)  into  a  solution  of  potassium  car- 
bonate and  calcium  hydrate  (5  mols.  of  CaHgOg  to  1  mol.  of  K2CO3), 
or  (/3.)  through  milk  of  lime  (whereby  a  calcium  chlorate  (CaiClOs) 
and  a  calcium  chloride  (CaClg)  are  formed),  to  which  potassium 
chloride  is  afterwards  added. 
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(a.)  K,C03  +  SCaHjO,  +    6C1,    =   2KCIO3   +  SCaCl,  +  5H,0  +  CO,. 
Potassium  +  Calcium    +  Chlorine  =  Potassium  +  Calciiim  +"Wator  +Cavl)onic 
carbonate      hydrate  chlorate      chloride  anhydride. 

(/3.)  (Ca2C103)     +  2KC1  =         CaCl^         +  2E:C103. 

Calcium  chlorate  +  Potassium  chloride  =  Calcium  chloride  +  Potassium  chlorate. 

The  chlorate  is  now  separated  by  crystallization,  the  CaClg  being 
n  very  much  more  soluble  salt  than  the  chlorate. 

Pro/;eri{ies.— Potassium  chlorate  (Sp.  gr,  2-32)  is  a  white  crystalline 
solid  (six-sided  prisms).  It  is  not  very  soluble  in  water  (1  in  16  of 
cold,  1  in  2  of  boiling  water).  It  melts  at  633°  F.  (334°  C),  and  gives 
oft"  oxygen  at  680°  F.  (360°  C),  the  residue  consisting  of  potassium 
perchlorate  (KCIO4)  and  jwtasshm  chloride  (2KCIO3  =  KCIO4  +  KCl 
+  Oo),  the  perchlorate  at  a  greater  heat  being  resolved  into  potas- 
sium chloride  and  oxygen.    It  is  a  powerful  oxidizing  agent. 

(46.)  Potassium  Amide  (KiSFHo)  is  prepared  by  heating  potassium 
in  a  current  of  dry  ammonia.  It  is  decomposed  by  water  (KNHg  + 
HgO  =  NHg  +  KHO).  Heated  in  vacuo,  it  forms  NH3  and  potassium 
nitride  (K3N).    It  inflames  spontaneously  in  air. 

(47.)  Potassium  Perchlorate  (KC104=  138-6).    {See  above.) 

Sp.  gr.  2-52.  Gives  off  oxygen  at. 752°  F.  (400°  C).  Soluble  in  70 
parts  of  cold,  and  6  parts  of  boiling  water.    Insoluble  in  alcohol. 

(48.)  Potassium  Bromate  (KBr03)  is  prepared  by  passing  chlo- 
rine into  an  aqueous  solution  of  bromine  and  potassium  carbonate 
(6K2CO,  +  SCIo  +  Bra  =  2KBr03  +  lOKCl  +  6CO2). 

(49.)  Potassium  lodate  (KIO3)  is  prepared  by  passing  chlorine 
through  water  containing  iodine  in  suspension,  ICl  being  formed. 
Potassium  chlorate  is  then  added  to  the  mixture  (ICl  +  KCIO3  = 
KIO3  +  CI2). 

(50.)  Potassium  Periodate  (KIO4)  is  prepared  by  passing  chlo- 
rine through  a  solution  of  potassium  iodate  in  caustic  potash.  A  basic 
salt  is  precipitated,  which,  dissolved  in  dilute  nitric  acid,  and  the  solu- 
tion evaporated  to  dryness,  leaves  the  normal  salt  KI04,3H20.  At 
527°  F.  (275°  C.)  the  periodate  is  converted  into  an  iodate  and 
oxygen,  and  at  higher  temperatures  may  be  completely  reduced  to  the 
condition  of  an  iodide. 

(54.)  Potassium  Tartrate  (K2C4H4O6)  is  prepared  by  boiling 
together  cream  of  tartar  and  potassium  carbonate. 

(55.)  Hydric  Potassium  Tartrate ;  Potassium  Bitrartrate ;  Cream 
of  T artar  (KHC4H4O6).— This  is  one  of  the  most  insoluble  of  potash 
salts.    It  is  found  deposited  in  casks  used  for  the  storage  of  wines. 

(56.)  Sodium  Potassium  Tartrate,  liochelle  salt  (KNaC4H406), 

IS  prepared  by  boiling  together  cream  of  tartar  and  sodium  carbonate. 

(57.)  Potassium  Antimonious  Tartrate,  Tartar  emetic  (K(SbO), 

C4H4O6),  is  prepared  by  boiling  together  cream  of  tartar  (KHC4H4O6) 
imd  antimonious  oxide  (SbgOg). 
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Reactions  of  Potassium  Compounds. 

[All  potassium  salts  are  white,  unless  the  acid  be  colored.] 

(1.)  Gives  violet-colored  flame,  which  appears  red  when  seen- 
through  cobalt  blue  glass. 

(2.)  Spectrum. — Two  lines  (Ka  in  red  and  Kj3  in  violet),  both 
being  coincident  with  the  lines  of  the  solar  spectrum. 

(3.)  Platinic  Chloride  (PtCl^)  in  HCl  solution,  gives  a  yellow  ppt. 
(PtCl4,  2KC1),  sparingly  soluble  in  water,  insoluble  in  alcohol  and 
ether,  and  soluble  in  a  solution  of  potassium  hydrate. 

[Heated  to  redness,  potassium  platinic  chloi-ide  evolves  chlorine^ 
leaving  KCl  and  metallic  platinum.] 

(4.)  Hydrofluosilicic  Acid  (HoSiFg),  gives  a  gelatinous  ppt.  (KgSiFg),. 
insoluble  in  alcohol. 

(5.)  Tartaric  Acid,  in  excess,  gives  a  white  ppt.  in  strong  solutions^ 
of  hydrio  potassium  tartrate  (KHC4H40g). 

SODIUM  (Nas). 

Na=23.    Jfowarf  (Na'Cl).    Specific  gravity  0-912.    Fuses  at  97-6°  F. 

(207-7°  C).  Boils  at  aboiU  1652°  F.  (900°  C).  Specific  heat  0-293. 

History. — Discovered  by  Davy  (1807)  by  the  electrolysis  of  NaHO. 

Natural  History. — It  does  not  occur  free  in  nature.  Combined  it 
is  found  in  animals,  in  vegetables  ("barilla"),  and  in  minerals.  It 
occurs  naturally  as  a  chloride  (in  rock  salt,  etc.),  carbonate,  nitrate 
(in  Chili  saltpetre),  sulphate,  borate,  iodide  (in  sea  plants,  etc.),  and 
silicate  (in  sodiilite  and  albite). 

Preparation. — Its  preparation  is  similar  to  that  of  potassium 
{q.  v.,  p.  340),  viz.:  (1)  {manufacturing  process),  by  igniting  a  mixture  of 
sodium  carbonate  and  carbon  ;  (2)  by  the  electrolysis  of  NaHO  ;  and 
(3)  by  the  ignition  of  a  mixture  of  sodium  hydrate  and  metallic  iron. 

Properties. — ("•)  Physical.  A  soft  silvery-white  metal.  At  — 4°  F. 
( — 20°  C.)  it  is  hard.  It  may  be  obtained  in  crystals  by  fusion  in 
coal-gas,  the  liquid  portion  being  afterwards  decanted.  It  volatilizes 
and  may  be  distilled  even  more  readily  than  potassium,  and  burns  with 
a  yellow  flame.    Its  spectrum  consists  of  a  double  yellow  line  at  D. 

(/3.)  Chemical.  Sodium  oxidizes  rapidly  in  air,  and  burns  when 
heated.  Its  properties  are  similar  to,  but  less  energetic  than,  potas- 
sium. It  decomposes  water  at  ordinary  temperatures,  forming  NaHO 
and  liberating  hydrogen.  It  fires  in  water  above  140°  F.  (60°  C), 
but  not  if  the  water  be  cold  unless  thickened  with  starch  or  other 
material.  It  is  not  acted  upon  either  by  chlorine  or  bromine,  except 
in  the  presence  of  moisture. 

Uses.— It  is  employed  for  the  extraction  of  metallic  aluminium  and 
magnesium.  {See  Aluminium  and  Magnesium.)  It  is  also  used  to 
extract  gold  and  silver  from  their  ores.  It  is  employed  in  the  labora- 
tory as  a  source  of  nascent  hydrogen. 
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Names. 


Sodiiun  hydride  (p.  353) 

„  oxide  (soda)  (p.  354) 

„  dioxide  (p.  354) 

,,  hydrate  (p.  354) 

„  chloride  (p.  355) 

„    iodide  (p.  356)  

„  bromide  (p.  356) 

„  fluoride  (p.  356) 

„  fluosilicate  

„  sxilphate  (p.  356) 

sulphides  (like  Potassium, 

f;)   

„  hydric  sulphate  (p.  357)  . . 

„  sulphite  (p  357)      . .     . . 

„  hydric  sulphite  (p.  357)  . . 

„  thiosulphate  (p.  357) 

„  pyrosulphite   

„  dithionate  

„  phosphate  (p.  361)  .. 

„  hydric  phosphate  (p.  3'61) 

„  dihydric  phosphate 

„  pyrophosphate  (p.  362)   . . 

„  metaphosphate  (p.  362)  .. 

„  hydric  potassium  phosphate 

„  carbonate  (p.  357)    . . 

„  hydric  carbonate  (p.  360) 

„  potassic  carbonate  (p.  360) 

„  sesquicarbonate  (p.  360)  . . 

„    nitrate  (p.  360)  

„     nitrite  (p.360)  

„  chlorate  (p.  360)      . .     . . 

,,  perchlorate  (p.  361)  . . 

„  bromate  (p.  361) 

„     iodate  (p.  361)  

„  periodate  (p.  361)    . . 

, ,  selenate   

„  tellurate  

„  arsenate  

„  hydric  arsenate    . .    . .  | 

„  silicate  (p.  362) 

„  sulpharsenate  

,,  Eulphantimonate 

„  borate  (borax)  (p.  361)  .. 

„  metaborate   

„  amide  


Formula 
(General). 


B  ° 

3 


Na.Hj 
Na^O 
Na^Oj 
NaHO 
NaCl 
Nal 
NaBr 
NaF 
2NaF,SiF^ 
NflaSO^.lOHjO 


NaHSO, 

JS'a2S03,7H20 

NaHS03,4HjO 

Na^SjOaSHjO 

NajSjOg 
Na3P0„12H20 
Na2HPU„12H„0 
NaBjPO,H,0 
Na.P^O-.lOHoO 

NaPOg 
HKNaPO„7H20 
NajCOglOH^O 

NaHCOg 
KNaC03,6H„0 
(Na2C03,2NaHC03, 
iiH.O) 
NaNOg 
NaNO, 
NaClOj 
NaClO^ 
NaBrO, 
NalOj 
NalO, 
NaaSeO^,10H,O 

NaTeO, 
Na3As04-12HjO 
Na2HA80^-12H„0 
NaH^AsO.HjO 
NajSiOg-SH^O 

IN  a3AsS4 
NagSbS^gH^O 
]SXO.2B,O3,10H„O 
NaB0„4H„0 
NaNHj 


5  bp 


94 
62 
78 
40 
58- 
150 
103 


142 


120 
126 
104 
158 


164 
142 
120 
266 
102 

106 
84 


85 


202 


(1.)  Sodium  Hydride  (Na4H2)  is  prepared  by  heating  sodium  in 
dry  hydrogen  to  a  temperature  between  572°  F.  and  752°  F.  (300°  and 
100°  C).  A  silvery  body.  Sp.  gr.  0-959.  Dissociates  in  air  at 
788°  F.  (420°  C). 
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Compounds  of  Sodium  with  Oxygen,  etc. 

Sodium  oxide        ...       ...       ...  NagO. 

Sodium  dioxide      ...       ...       ...  NaaOj. 

Sodium  hydrate   NaHO. 

(2.)  Sodium  Oxide ;  Soda  (NagO). 

Preparation. — By  burning  the  metal  in  oxygen  or  in  dry  air. 
(The  product  contains  more  or  less  NagOg.)  Properties. — A  yel- 
lowish white  body,  very  deliquescent,  forming  NaHO  when  dissolved 
in  water. 

(3.)  Sodium  Dioxide  (NagOg).  Preparation. — By  heating  sodium 
to  392°  F.  (200°  C.)  in  a  current  of  dry  air.  Properties.— It  is  a  white 
solid  when  cold,  becoming  yellow  when  heated.  On  heating  a  solution 
of  the  salt  in  water,  oxygen  is  expelled. 

(4.)  Sodium  Hydrate;  Caustic  Soda;  Soda;  Sodium  hydroxide 
(NaHO).  [For  preparation  see  Potassium  Hydrate,  to  which  it  is  in 
all  respects  similar,  page  342.] 

Prep)aration. — {Commercial.)  Caustic  soda  is  largely  prepared  from 
the  red  liquor  of  the  alkali  works  {see  page  358).  The  solution  of  the 
black  ash  is  concentrated  to  1*5  specific  gravity,  the  carbonate,  sul- 
phate and  chloride  of  sodium,  crystallizin  g  out  in  course  of  evapora- 
tion. Tbe  resulting  liquor  {i.e.,  the  liquor  remaining  after  the  deposited 
crystals  have  been  removed)  constitutes  "  red  liquor which  retains  in 
solution  the  sodium  hydrate,  owing  to  its  greater  solubility.  Certain 
other  compounds  are  present  in  small  quantity,  such  as  the  sulphides 
of  iron  and  sodium,  to  which  the  peculiar  red  color  of  the  solution  is 
due.  The  hot  liquor  is  then  treated,  either  with  sodium  nitrate  and 
a  current  of  air,  or  with  sodium  nitrate  only,  in  order  to  oxidize  the 
sulphides  present,  ferric  oxide  being  thrown  down.  The  clear  solu- 
tion is  then  evaporated  and  the  sodium  hydrate  obtained  as  a  fused  mass. 

Kryolite  (3NaF,AlF3)  is  also  employed  in  the  preparation  of  sodium 
hydrate  by  effecting  its  decomposition  with  calcium  hydrate. 

Properties. — Sodium  hydrate  is  a  white  solid.  Sp.  gr.  2*13.  It  is 
soluble  in  two  and  a-half  parts  of  water  at  ordinary  temperatures.  It 
fuses  below  redness,  and  is  volatile  at  a  white  heat.  On  exposure  to 
air,  it  first  becomes  liquid  by  absorbing  water,  but  afterwards  dries 
up  by  the  absorption  of  carbonic  anhydride.  It  is  very  soluble  in 
water  and  in  alcohol,  its  solution  absorbing  COj  from  air.  If  a  strong 
aqueous  solution  of  the  hydrate  be  exposed  to  a  freezing  mixture,  it 
deposits  crystals  of  2NaHO,7H20. 

It  acts  rapidly  on  organic  structures.  It  is  largely  used  in  the 
manufacture  of  hard  soap  {i.e.,  caustic  soda  and  fat  or  oil),  of  marine 
soap  {i.e.,  caustic  soda  and  cocoa-nut  oil),  etc. 

For  the  specific  gravity  of  solutions  of  different  strength,  see  Table 
VI.  in  Appendix. 
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Haloid  Salts. 

(5.)  Sodium  Chloride;  Common  salt;  3Itin'ate  of  soda  (NaCl). 

Natural  History. — (1.)  Yvombeds  of  '■^roch  salt"  such  as  are  found  at 
Northwich,  Cardona,  Wielitzka,  etc.  The  red  tint  of  ordinary  rock 
salt  is  due  to  the  presence  of  iron.  The  perfectly  white  crystallized 
specimens  occasionally  found  are  known  as  "  sal  gem." 

(2.)  Sea  loater. — The  salt  obtained  from  this  source  is  called  Bay 
Salt.  The  solution  remaining  after  the  extraction  of  the  salt  is  called 
"  bittern." 

Every  1000  parts  of  sea- water  (see  p.  247)  contains  about : — 

29-0  pai-ts  of  chloride  of  sodium  (=4  ozs.  of  salt  per  gallon, 
or  1  bushel  in  300  to  350  gallons  of  water). 
0"o    J,     „      chloride  of  potassium. 
3*0    „      „      chloride  of  magnesium. 
2'o    „     „      sulphate  of  magnesium. 
1*5    „      „     sulphate  of  lime. 

(3.)  Salt  springs ;  also  rivers,  lakes,  soils,  etc. 

Preparation. — (1.)  In  the  case  of  salt  mines,  it  has  been  found  more 
economical  first  to  let  water  into  the  mine,  and  then  pump  up 
the  saturated  solution,  than  to  raise  the  solid  salt  itself  from  the 
mine.  The  salt  is  crystallised  from  its  solution,  the  details  of  the 
process  varying  in  different  countries  : — 

(a.)  Sometimes  the  water  is  evaporated  off  in  shallow  basins. 

(/3.)  Sometimes  the  brine,  if  dilute,  is  first  of  all  concentrated  by 
allowing  it  to  flow  several  times  from  a  height  over  brushwood  freely 
exposed  to  the  air  {graduation),  its  further  concentration  being  effected 
by  heat  after  the  solution  has  attained  a  gravity  of  1-14  (France  and 
Germany). 

•  (y.)  In  cold  climates  the  salt  water  is  run  into  open  reservoirs,  and 
allowed  to  freeze.  The  ice,  which  contains  very  little  salt,  is  removed, 
the  concentrated  solution  of  salt  remaining  being  finally  evaporated 
to  dryness  (Russia). 

(S.)  In  hot  climates  the  sea  water  is  allowed  to  evaporate  sponta- 
neously in  shallow  reservoirs,  when  what  is  called  "  bay  salt "  is  de- 
posited. The  salt  prepared  from  sea-water  always  contains  magnesium 
chloride,  Avhich  may  to  a  certain  extent  be  separated  from  the  sodium 
chloride  by  exposure  to  air  and  by  washing,  owing  to  the  greater 
deliquescence  of  the  magnesium  chloride.  The  liquor  remaining  after 
the  sodium  chloride  has  been  removed  is  called  "bittern,"  and  is  em- 
ployed as  a  source  of  magnesia  and  of  bromine. 

(2.)  Sodium  chloride  is  formed  when  sodium  is  burnt  in  chlorine. 

Properties. — Common  salt  is  a  crystalline  (cubic),  non-deliquescent 
■  solid.  The  presence  of  a  minute  trace  of  urea  in  the  solution  makes  the 
salt  to  crystallize  in  octahedra.    Below  14°  F.  (  —10°  C.)  it  crystallizes 
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from  Avater  as  NaCl,2HoO.  The  presence  of  magnesium  chloride  renders 
it  deliquescent.  A  clear  colorless  specimen  of  salt  is  diathermanous,  that 
is,  it  allows  the  heat  rays  to  pass  as  well  as  the  light  rays.  [Water  is 
non-diathermanous,  glass  holding  an  intermediate  position  in  this  respect 
between  water  and  salt.]  It  is  insoluble  in  absolute  alcohol,  but  is 
soluble  in  dilute  alcohol.  It  is  about  equally  soluble  in  water  at  all 
temperatures  (1  in  3),  a  saturated  solution  having  a  specific  gravity  of 
1*205.  The  crystals  decrepitate  when  heated.  At  a  bright  red  heat 
1421-6°  F.  (772°  C.)  the  crystals  fuse,  and  at  a  stronger  heat  the  salt 
vaporizes . 

Uses. — It  is  used  for  dietetic  and  Gulinary  purposes,  as  e.g.,  for  curing 
meats,  owing  to  its  antiseptic  action.  It  is  also  used  in  agriculture,  in 
earthenware  glazing,  etc.  It  is  largely  employed  in  the  carbonate  of 
soda  manufacture. 

(6.)  Sodium  Iodide  (Nal),  (7.)  Bromide  (NaBr),  and  (8.) 

Fluoride  (NaF).  (Vide  Potassium  Iodide,  Bromide,  and  Fluoride,  to 
which  the  sodium  compounds  are  closely  analogous,  page  344.) 

The  Sulphides. 

See  Sulphides  of  Potassium,  to  which  the  sulphides  of  sodium  are 
analogous  (page  346.) 

Sodium  Oxt-Salts. 
.  (10.)  Sodium  Sulphate;  Glauber's  salt  {:^^^,SO^,\0HnO  =  li2  + 
180=  322). 

Natural  History. — Occurs  naturally  in  many  waters  ;  also  in  certain 
minerals,  as  Thenardite,  Glauberite  (Na^S04,  CaS04)  etc.  ;  also  as  a 
common  efilorescence  on  brick  walls,  etc. 

Preparation. — The  salt  is  formed  in  the  first  stage  of  the  sodium 
carbonate  manufacture  by  the  action,  of  sulphuric  acid  on  common  salt 
{see  page  357),  the  product  being  commonly  known  as  "salt  cahe."  It 
also  constitutes  a  bye-product  in  the  nitric  acid  manufacture  (page  141). 

Properties. — A  colorless  salt,  having  a  bitter  taste  and  a  purgative 
action.  Sp.  gr.  1*46.  It  crystallizes  in  oblique  rhomboid  prisms,  or 
in  forms  derived  therefrom.  The  crystals  are  efflorescent,  giving  off 
the  whole  of  their  water  at  common  temperatures.  The  salt  melts  in 
its  own  water  of  crystallization  when  heated  to  91*4°  F.  (33°  C). 
The  anhydrous  salt  melts  at  1580°  F.  (860°  C). 

Its  solubility  in  water  is  remarkable.  100  parts  of  water  dissolves 
9  parts  of  the  anhydrous  salt  at  50°  F.,  and  55  parts  at  85°  F.,  but 
only  43  parts  at  212°  F. 

(a.)  The  solubiHty  of  the  salt  NaoSO^  decreases  from  64*2°  F. 
(17-9°  C.)  to  217-5°  F.  (103-1°  C). 

{(i.)  The  solubility  of  the  salt  NagSOi,  IOH2O  increases  up  to 
93-1°  F.  (33-9°  C.)  (100  of  water  dissolve  117-9  pai'ts  of  this  salt). 

A  hot  saturated  solution,  on  being  cooled  without  disturbance  and 
out  of  contact  with  air,  does  not  crystallize.    On  admission  of  air, 
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however,  or  if  a  minute  crystal  of  the  salt  be  introduced  into  the 
cold  solution,  immediate  crystallization  will  be  effected,  a  rise  of  tem- 
perature resulting. 

Sodium  sulphate  is  soluble  in  hydrochloric  acid,  its  solution  (8  of 
the  sulphate  in  5  parts  of  the  acid),  being  accompanied  by  great  cold. 
Hence  its  nse  as  a  freezing  mixture. 

(12.)  Sodilun  Hydric  Sulphate;  ^cid  sodium  sidphate ;  Bisid- 

phate  of  soda  (NaHSO4=120). 

Preparation. — By  adding  seven  parts  of  sulphuric  acid  to  ten  parts 
of  the  anhydrous  normal  salt,  and  evaporating. 

Properties. — A  non-deliquescent  and  very  soluble  salt,  having  an 
acid  reaction.  Heated  above  the  fusing  point,  it  forms  sodium  pyro- 
sulphate  (NaoSoO^),  which  at  a  still  higher  temperature  becomes  the 
normal  salt  with  evolution  of  SO3. 

(13.)  Sodium  Sulphite  (NaoS03,  7H2O). 

Preparation. — By  passing  SOg  over  crystals  of  NagCOs. 

Properties. — The  salt  crystallizes  in  oblique  prisms,  which  are 
efflorescent,  and  fuse  at  113°  F.  (45°  C).  It  is  soluble  in  water  (1  in 
4),  the  solution  having  an  alkaline  reaction.  It  evolves  sulphurous 
acid  when  treated  with  HCl  or  with  HgSO^.  It  is  used  as  a  bleaching 
agent,  and  as  an  "antichlor." 

(14.)  Sodium  Hydric  Sulphite, -4czcZ  s?iZp7«'<e,  BisidpMte  (NaHSOg). 

This  salt  becomes  a  sulphite  spontaneously  by  exposure  to  air. 

(15.)  Sodium  Thiosulphate  (see  page  318). 

(24.)  Sodium  Carbonate  (neutral)  ;  Common  washing  soda  ;  Soda ; 
Scotch  sofZa—( NagCOg,  lOHjO  =  106  +  180  =  286). 

Natural  History. — Found  in  the  Egyptian  and  Hungarian  soda  lakes, 
in  the  volcanic  springs  of  Iceland,  in  the  ashes  of  sea-plants,  etc. 

Preparation. — (1.)  Before  the  year  1823,  this  salt  was  prepared 
from  the  ashes  of  sea-weed,  known  as  ^'help,"  '^barilla"  or  "  varec" 
one-fourth  the  weight  of  which  consists  of  sodium  carbonate.  The 
kelp  was  mixed  with  water,  aud  the  clear  solution  concentrated  by 
heat.  The  sodium  carbonate  crystallized  out  first,  leaving  the  iodine 
compounds  in  solution,  owing  to  their  much  greater  solubility. 

(2.)  Process  of  Leblanc. — Soda-ash  process  (used  since  1823).  This 
process  may  be  described  in  three  stages  as  follows: — 

(a.)  A  mixture  of  common  salt  and  oil  of  vitriol  is  first  heated  in 
cast  iron  pans,  whereby  solid  sodium  sulphate  is  formed  ["salt  cake"^ — 

2NaCl      +      H2SO4     =      Na2S04      +  2HCI. 
So  dium  chloride  +  Sulphuric  acid  =  Sodium  sulphate  -f-  Hydrochloric  acid. 

[The  use  of  sulphurous  acid,  steam,  and  air,  was  suggested  by 
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Hargreave  in  place  of  H^SO^  [2NaCl  +  H^O  +  SO^  +  0  =  Na„SO 
+  2HC1].  -  * 

The  salt  cake  thus  formed  is  now  mixed  with  limestone  and 
small  coal,  and  heated  in  the  reverberatory  furnace.  The  followiiio- 
changes  occur  :—(!.)  The  carbon  reduces  the  sodium  sulphate  to  sodium 
sulphide,  carbonic  anhydride  being  set  free  (Na2S04  +  Cg  =  NagS  + 
2CO2).  (2.)  The  carbon  acting  on  the  calcium  carbonate,  sets  free 
carbonic  oxide  and  lime  (CaCOs  +  C  =  2C0  +  CaO).  (3.)  The  lirae 
reacts  on  the  sodium  sulphide  in  the  presence  of  carbonic  anhydride, 
producing  sodium  carbonate  (which  is  soluble),  and  calcium  sulphide 
which  is  insoluble)  (Na^S  +  CaO  +  COg  =  NagCO.,  +  CaS). 
The  reaction  in  full  may  be  thus  stated : — 

Na2S04  +     4C     +CaC03=   CaS    +     4C0     +  Na^COa. 
Sodmm     +    Carbon    +    Calcium  =    Calcium  +    Carbonic    +  Sodium 
sulphate  carbonate   sulphide  oxide  carbonate. 

The  black  mass  formed  constitutes  what  is  commonly  known  as 
"  blade  ash  "  or  "  ball  soda,"  and  consists  of  the  excess  of  chalk  and 
coal  with  caustic  soda  (formed  by  the  action  of  the  lime  on  the 
sodium  carbonate),  calcium  sulphide,  and  sodium  carbonate. 

(y.)  The  black  ash  is  now  treated  with  water  to  dissolve  out  the 
sodium  carbonate.  The  clear  solution  is  poured  off  and  evaporated  to 
dryness.  The  solid  residue,  consisting  of  more  or  less  pure  sodium 
carbonate,  constitutes  what  is  known  as    soda  ash." 

Impurities  of  Soda  4s7i.— Sodium  chloride,"  sodium  sulphate,  and 
sodium  hydrate. 

Purification  of  the  Soda  Ash.— The  soda  ash  is  first  mixed  with  saw- 
dust, and  heated,  whereby  any  sodium  hydrate  present  is  converted  into 
sodium  carbonate  by  the  action  of  the  carbonic  anhydride  evolved 
during  the  burning  of  the  carbonaceous  matter.  The  mass  is  then 
treated  with  water,  and  the  filtered  solution  evaporated  down  and 
crystallized. 

Very  often,  however,  the  clear  solution  of  the  "  black  ash  "  is  at 
once  concentrated  by  heat  until  the  NagCOa  is  deposited,  the  mother 
liquor,  known  as  "  red  liquor"  being  used  in  the  preparation  of  sodium 
hydrate  (see  page  354). 

Waste  Products. — Hydrochloric  acid  is  set  free  in  the  formation 
of  the  salt  cake.  If  this  were  allowed  to  escape  it  would  prove  a 
nuisance.'  Hence  in  alkali  works,  it  is  usually  absorbed  by  means 
6f  'a  Wet  coke  scrubber.  The  hquid  hydrochloric  acid  of  commerce, 
largely  used  in  the  manufacture  of  bleaching-powder,  etc.,  is  com^ 
•'monly  prepared  in  this  manner. 

-  Soda  or  Alkali  Waste. — It  may  be  noted  that  nearly  all  the  sulphiii- 
of  the  sulphuric  acid  used,  forms  the  insoluble  calcium  sulphide  of  the 
black  ash,  which,  together  with  the  excess  of  coal  and  lime,  after  its 
thorough  exhaustion  with  water,  forms  the  "  soda,"  "  alkali,"  or  "  tank 
waste."    A  part  of  this  is  now  used  in  the  preparation  of  sodium  thio- 
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sulphate  (hyposulphite)  {see  page  318),  whilst  the  sulphur  of  the  re- 
uiaining  portion  is  recovered  by  blowing  air  through  the  moist  material 
in  such  quantity  that  a  calcium  persulphide  and  thiosulphate  may  be 
formed  (Mond's  Process).  From  this  yellow  liquor  the  sulphur  is 
thrown  down  by  the  addition  of  hydrochloric  acid : — 

(1.)  12CaS    +       6O2      =    2CaS5    +  CaSoOg   +  9CaO. 
Calcic     +     Oxygen     =      Calcic     +     Calcic     +     Calcic  oxide, 
sulphide  persulpliide  thiosulphate 

(2.)  2CaSs  +  CaSgOg    +      6HC1     =  3CaCl2  +  3H„0  +  6S2. 
Calcic    +  Calcic  thio-  +  Hydrochloric  =    Calcic    +  "Water  +  Sulphur, 
persulphate       sulphate  acid  chloride 

Another  process  adopted  for  the  recovery  of  the  sulphur  consists  in 
adding  to  the  soda-waste  the  liquor  from  chlorine  stills  (containing 
MnClg  and  FcgCls),  whereby  calcium  chloride  and  the  sulphides  of 
iron  and  manganese  are  formed.  These  latter,  on  exposure  to  the 
air,  become  converted  into  oxides  with  the  consequent  separation  of 
the  sulphur: — 

(1.)    MnCla  +  FesClg  +    4CaS    =     MnS    +  FosS.,  +  4CaCl2. 

 ^  ^  +  Calcic  sul-  =  Manganese  +  Iron  sul-  +  Calcic 

Chlorine -still  liquor  phide  sulphide  phide  chloride. 

(2.)  2MnS        O3  =   MugOa  +  Sg;    2Fe2S3  +  203=2Fe203-i-  SSo. 
Manganese  +  Oxy-  =  Manganese      Sul-    Iron  sul-  +  Oxy-  =    Iron    +  Sul- 
sulphide         gen  oxide        phur;     phide         gen        oxide  phur. 

(3.)  Ammonia  Soda  Process. — The  details  of  this  process  are  as 
follows : — 

(a.)  A  concentrated  solution  of  common  salt  is  treated  with  am- 
monium hydric  carbonate,  hydric  sodium  carbonate  and  ammonium 
chloride  being  formed  (NH4,  HCOg-f-NaCl  =  NaHCOs-fNH^Cl). 

[In  practice  ammonia  and  CO2  are  passed  into  a  solution  of  common 
salt  (NaCl  +  NH3  +  HgO  -f  C02=NaHC03  +  NH^Cl).] 

(/3.)  The  sparingly  soluble  NaHCOs  is  now  separated  by  crystal- 
lisation from  the  NH4CI. 

(y.)  The  hydric  sodium  carbonate  is  now  heated  until  the  normal 
sodium  carbonate  is  formed  (2NaHC03  =  Na2C03-l-C02  +  H20). 

[The  CO2  evolved  by  this  reaction  is  utilized  to  reconvert  the 
ammonia  compound  from  NH4CI  into  NH4HCO3.] 

(4.)  Sodium  carbonate  may  also  be  obtained  from  cryolite  (3NaF, 
AIF3)  by  the  action  of  heat  on  a  mixture  of  cryolite  and  calcium  car- 
bonate (2[(NaF)3AlF3]  -|-6CaC03  =  2Al203,3Na20  +  6CaF2-|-6C02), 
the  sodium  aluminate  being  dissolved  out  and  CO2  passed  through  the 
remaining  solution  (A]203,3Na20-}-3COs=3Na2C03  +  Al203). 

Properties. — Sodium  carbonate  forms  efflorescent  crystals  (NaoCOj 
lOHgO),  which  on  exposure  to  air  become  white  and  opaque,  losing 
one  half  of  their  water  at  55°  F.  The  crystals  melt  in  their  water  of 
crystallization  when  heated  to  122°  F.  (50°  C),  ultimately  leaving  the 
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anhydrous  salt,  NaoCOa-  At  a  red  heat,  1497*2°  F.  (814°  C.),  the 
anhydrous  salt  melts  without  decomposing.  It  has  an  alkaline  taste 
and  reaction,  and  is  very  soluble  in  water.  (The  crystals  dissolve  in 
the  proportion  of  1  in  2  parts  of  water  at  60°  F,  and  1  in  1  at  212°  F. 
The  anhydrous  salt  dissolves  in  the  proportion  of  1  in  8  of  water  at 
50°  F.)    Specific  gravity  of  anhydrous  salt,  2 '46. 

(N.B,  Sodium  carbonate  is  an  efflorescent  salt,  whilst  potassium 
carbonate  is  a  deliquescent  salt.) 

(25.)  Sodium  Hydric  Carbonate  ;  Bicarbonate  of  soda  (NaHCOj). 

Natural  History. — Occurs  naturally  in  many  waters. 

Preparation. — By  exposing  the  moist  crystals  of  the  normal  salt 
(NagCOs)  to  the  action  of  carbonic  anhydride,  or  by  saturating  a  solu- 
tion of  the  salt  with  the  gas.  Considerable  heat  is  evolved  during 
the  process,  which  is  utilized  in  its  manufacture.  The  salt  also  occurs 
in  the  course  of  the  ammonia  soda  process  {q.v.,  p.  359). 

Properties. — Bicarbonate  of  soda  is  less  soluble  than  the  normal  salt 
(1  in  10  aq.  at  50°  F.).  Thus  its  separation  from  the  normal  salt  may 
be  effected.  Its  solution  in  water  is  slightly  alkaline.  In  preparing 
the  salt  from  the  carbonate,  the  so-called  sodium  sesqtdcarbonate 
(NagCOg,  2(NaHC03)2H20)  is  first  formed,  and  afterwards  a  bicar- 
bonate. Similarly  by  heating  the  dry  salt  or  a  solution  of  the 
bicarbonate,  a  sesquicarbonate  is  first  formed  (1),  and  then  a  car- 
bonate (2)  : — 

(1.)  4NaHC03  =  Na2C03,(2NaHC03)    +  H2CO3. 

(2.)  2NaHC03  =  NagCOa  +  HgO      +  COo. 

The  carbonate  of  soda  used  in  medicine  is  a  bicarbonate,  i.e.,  a  hydric 
sodium  carbonate  (NaIIC03).  It  is  not  so  soluble  as  the  carbonate,  and 
exhibits  a  very  slightly  alkaline  reaction  to  turmeric,  whereas  the  car- 
bonate is  very  alkaline. 

(26.)  Sodium  Potassic  Carbonate  (NaKCOa).  The  anhydrous 
salt  fuses  more  readily  than  either  sodium  or  potassium  carbonates. 
Hence  it  is  employed  to  decompose  the  silicates  by  fusion. 

(28.)  Sodium  Nitrate ;  Cubic  Nitre;  Chili  saltpetre  (NsbNO^) .  Found 
native  in  Chili  and  Peru,  It  crystallizes  in  rhombohedra,  the  crystals 
being  deliquescent,  on  which  account  it  canuot  be  used  for  guupoAvder. 
It  is  very  soluble  in  water  (1  to  1).  It  fuses  at  591°  F.  (310-5°  C.) 
and  is  decomposed  at  higher  temperatures.  Specific  gravity  2*1 .  It 
is  used  in  the  manufacture  of  nitric  and  sulphuric  acids,  and  also  in 
the  preparation  of  potassium  nitrate  for  gunpowder  ("  converted  nitre  ") 
(see  page  348).    It  is  further  employed  as  a  dressing  for  soils. 

(29.)  Sodium  Nitrite  (NaNOg)  [See  Potassium  Nitrite,  p.  350J. 

(30.)  Sodium  Chlorate  (NaC103)  [See  Potassium  Chlorate. 
NaClOa  cannot,  however,  be  separated  from  sodium  chloride  like 
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KCIO3  cau  from  potassium  chloride,  because  of  the  greater  solubility 
of  sodium  chlorate  over  potassium  chlorate  (1  to  1).] 

(31  to  34.)  Sodium  Perchlorate,  Bromate,  lodate,  Periodate. 

the  corresponding  Potassium  Salts,  p.  351.] 

(42.)  Sodium  Borate;  Borax  (Na„O,2B2O3,10HoO  =  202  +  180 
=  382). 

Preparation.  — Crnde  borax  (tincal),  a  compound  of  soda  and 
boracic  acid,  was  originally  imported  from  Thibet,  where  it  occurs  as 
.a  natural  production  in  the  residue  obtained  from  the  evaporation  of 
the  water  of  certain  lakes  (page  219).  It  is  usually  prepared  at  the 
present  time  by  fusing  sodium  carbonate  with  boric  acid,  or  by  mixing 
together  their  boihng  solutions,  the  boric  acid  expelling  carbonic  an- 
hydride from  the  sodium  carbonate.  The  residue,  if  prepared  by 
fusion,  has  to  be  dissolved  out  and  crystallized. 

Properties. — Specific  gravity,  1-7.  It  forms  hard,  clear,  prismatic 
■efflorescent  crystals,  the  transparency  of  which  is  soon  destroyed  by 
■exposure  to  air.  The  solution  (1  part  of  the  salt  in  40  of  water  at 
■32°  F.,  and  2  parts  in  1  of  water  at  212°  F.),  is  alkaline.  The  crys- 
tals intumesce  (swell  up)  at  167-9° F.  (75-5°  C),  and  afterwards  fuse 
to  a  colorless  liquid,  which,  on  cooling,  presents  the  appearance  of  a 
glassy  mass  (vitrified  borax).  Fused  borax  [which  melts  at  1041-8°  F. 
(561°  C.)]  possesses  the  power  of  dissolving  many  metallic  oxides. 
Hence  its  use  as  a  reagent  in  blowpipe  analysis,  the  oxides  imparting 
special  colors  to  the  borax  bead  by  which  they  may  be  recognized. 
It  is  also  used,  for  a  similar  reason,  to  remove  any  traces  of  oxide  (or 
tarnish)  from  the  surface  of  metals  before  soldering.  It  is  employed 
as  a  flux  ;  in  enamelling  (to  render  the  enamels  more  fusible)  ;  in 
fixing  colors  on  porcelain  ;  in  glazing  stoneware ;  in  medicine,  etc. 

Sodium  Phosphates  (see  page  329). 
(18.)  Sodium  Phosphate  (Na3P04,i2H20). 

Preparation.— {\.)  By  evaporating  down  a  solution  of  NagHPO^  in 
■caustic  soda. 

(2.)  By  fusing  2  molecules  of  Na2HP04  with  1  molecule  of  NaeCOa, 
•dissolving  the  mass  in  water,  and  crystallizing. 

Properties. — A  soluble,  efflorescent  salt.  Its  solution  exposed  to  air 
absorbs  CO2,  forming  NagCO.,  and  HNaoP04. 

(19.)  Sodium  Hydric  Phosphate.— P/iospAa^e  of  soda  (Na„HP04, 

I2H2O  =  142  +  216  +  358). 

Preparation. — By  adding  sodium  carbonate  or  hydrate  to  the  calcium 
phosphate  obtained  during  the  process  of  preparing  phosphorus : — 

H4Ca2P04+  2Na2C03=  CixCQ,  +    H2O    +    CO2    +  Na2lIP04. 

Calfic       +    Sodium    =    Calcic    +    Water    -f  Carbonic  +  Sodium  hydric 
phosphate         carbonate     carbonate  anhydride  phosphate. 
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Properties. — The  crystals  are  rhombic,  cfRoresceut,  aud  soluble  in 
cold  water  (1  in  4).    Sp.  gr.  1-52.    Solution  alkaline. 

Action  of  When  heated  to  99°  F.  (37-2°  C),  the  crystals  melt 

in  their  own  water  of  crystallization.  Heated  to  212°  F.  (100°  C), 
they  lose  their  12  molecules  of  water,  becoming  NagHPO^.  Heated 
to  redness  two  molecules  of  the  salt  lose  one  more  molecule  of  water, 
sodium  'pyropliospliate  (Na^PoOy)  being  formed.  If  free  phosphoric  acid 
(H3PO4)  be  added  to  this  salt  (Na4P207),  the  Uphospliate  of  soda  or 
sodic  dihydric  phosphate  is  formed  (NaHgPOjjHoO).  Phosphate  of 
soda  has  an  acid  reaction. 

Sodium  hydric  phosphate  was  formerly  used  in  calico  printing 
under  the  name  of  "  dung  substitute,"  sodium  arsenate  being  now  more 
generally  used  in  its  place. 

The  tribasic  phosphates  of  soda  (and  the  biphosphate  of  soda)  give 
yelloio  precipitates  with  argentic  nitrate. 

(21.)  Sodium  Pyrophosphate  (Na^PoOTjioHoO)  {see  above) 

crystallises  in  prisms.  Its  solution  is  alkaline.  Boiled  with  an  acid  it 
becomes  Il2NaP04. 

The  tetrabasic  pyrophosphate  gives  a  white  precipitate  Avith  argentic 
nitrate,  remaining  unchanged  by  exposure  to  light. 

(22.)  Sodium  Metaphosphate  (NaPO.,). 

Prep>aration. — By  heating  either  the  sodium  dihydric  phosphate 
(NaH2P04)  or  microcosmic  salt  to  redness. 

Properties^ — A  non-crystalline,  deliquescent,  soluble  substance  (1  in 
10  aq.,  and  1  in  1  at  100°  F.),  the  solution  having  a  feebly  acid  reaction. 

The  monobasic  phosphate  gives  a  ivhite  gelatinous  precipitate  with 
argentic  nitrate. 

(39.)  Silicates  of  Sodium. 

Silica  or  silicic  acid  has  the  power  at  a  high  temperature  of  expel- 
ling carbonic  anhydride  from  its  compounds.  Hence  various  silicates 
ma}''  be  formed  by  fusing  silica  with  sodium  carbonate. 

The  salt  Na20,SiOo,9H20  (Futsche)  may  be  prepared  by  fusing  2 
parts  of  powdered  flint  with  3  parts  of  sodium  carbonate. 

The  salt  Na20,36Si02  (Forchhammer)  may  be  prepared  by  boiling 
finely  divided  silica  in  a  saturated  solution  of  sodium  carbonate. 

There  are,  moreover,  many  other  silicates.  The  silicate  ]Sra20,4Si02 
or  soluble  glass"  is  prepared  by  fusing  15  parts  of  sand  with  8  parts 
of  sodium  carbonate  and  1  part  of  charcoal  (Fuchs).  The  silica  ex- 
pels the  CO2,  its  liberation  being  assisted  by  the  carbon  which  con- 
verts it  into  carbonic  oxide.  The  mass  is  insoluble  in  cold,  but  soluble 
in  boiling  water  (1  in  5  aq.).    The  solution  is  alkaline. 

It  is  used  for  stone  preservation,  in  fresco-painting  (Stereochromy), 
us  a  dung  substitute  in  calico-printing,  etc. 
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Glass. 

Glass  is  a  compound  of  an  alkaline  silicate  with  a  silicate  of  an 
alkaline  earth  and  one  or  other  of  the  metallic  oxides,  i.e.,  a  double 
silicate  of  potash  (or  soda)  with  lead  (or  lime,  etc.).  The  following 
table  represents  the  percentage  composition  of  different  glasses  : — 


"Window. 

Plate. 

Crown  for 

optical 
purposes. 

English 
flint. 

Silica  . . 

Potash                            W  \\ 

Soda   . .       . .       . .       , ,  ' 

Lime  . .       . .       . .        .  _       _  [ 

Ahimina 

Oxide  of  lead                            ,  \ 

Oxide  of  iion  and  manganese 

66-37 

14 -"23 
11-86 
8-16 

73-5 
5-5 
12-0 

5-5 
3-5 

62-5 
22-5 

12-5 
2-5 

51-93 
13-77 

■  • 

0-47 
33-28 
0-25 

Soda  always  imparts  a  slight  tinge  of  green  to  glass,  which  does  not 
occur  when  potash  is  used.  A  soda  glass,  however,  is  more  fusible  and 
more  brilliant  than  a  potash  glass. 

_  Lime  diminishes  the  fusibility  of  glass,  imparts  no  color,  and  in- 
creases hardness  and  lustre.  If  an  excess  of  lime  be  used,  however, 
the  glass  on  cooling  turns  milky.' 

Lead  increases  the  fusibility  and  the  lustre  of  the  glass,  and  renders 
it  softer. 

Baryta  is  also  said  to  increase  its  fusibility. 

Window  glass  consists  of  the  silicates  of  soda,  lime  and  alumina. 
100  parts  of  sand,  35  to  40  of  chalk,  30  to  35  of  soda  ash,  and  50  to 
150  of  "  cullet "  or  broken  glass,  are  first  subjected  to  a  low  heat,  so  as 
'to  expel  any  moisture  present,  and  to  drive  off  a  certain  quantity  of 
carbonic  acid  by  which  subsequent  frothing  is  prevented.  The  heat  is 
then  sufliciently  raised  to  effect  the  complete  fusion  of  the  materials. 
'Sometimes  sodium  sulphate  is  used  instead  of  sodium  carbonate  (soda 
ash),  the  sulphuric  anhydride  being  expelled  by  the  silica,  as  SO3.  Some- 
times a  little  charcoal  is  added,  whereby  the  SO3  is^  reduced  to  SOg, 
its  expulsion  being  thus  effected  at  a  lower  temperature.  After 
melting,  the  mixture  is  allowed  to  remain  for  the  "glass  gall,"  or 
"sandiver,"  or  "scum"  (Na2S04  and  NaCl)  to  collect,  which  is  then 
skimmed  off. 

Plate-glass  consists  of  the  silicates  of  soda,  lime  and  potash  ;  300 
parts  of  pure  white  sand,  100  of  sodic  carbonate,  43  of  slaked  lime,, 
and  300  of  glass  fragments  being  the  proportions  of  the  several  con- 
stituents commonly  employed  in  its  manufacture. 

Crown-glass,  for  optical  purposes,  contains  no  soda,  in  order  to  avoid 
the  green  tint  that  the  alkali  imparts  to  the  glass.  Sometimes  a  little- 
boric  acid  is  used  in  the  place  of  a  portion  of  the  silica. 
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Wine-bottle  aud  carboy  glass  consists  of  the  alkaline  silicates  and  the 
silicates  of  lime  and  alumina,  with  oxide  of  iron.  The  constituents 
are  100  parts  of  common  red  (ferruginous)  sand,  80  of  soap-maker's 
waste,  80  of  gas  lime,  5  of  clay,  and  3  of  rock  salt. 

Flint-glass  (crystal). — The  constituents  of  flint-glass  are  300  parts  of 
pure  white  sand,  200  of  minium  (red  oxide  of  lead),  1 00  of  refined 
pearlash,  and  30  of  nitre.  The  nitre  is  added  in  order  to  prevent  the 
reduction  of  the  lead,  by  oxidizing  any  matters  that  might  otherwise 
effect  it.  The  fusion  of  the  materials  is,  for  the  same  reason,  carried 
on  in  a  closed  pot.  No  soda  is  used  because  of  the  tint  it  imparts  to 
the  glass,  whilst  lead  is  added  in  order  to  increase  fusibility  and  its 
refractive  and  dispersive  power.  Crystal  is  easily  scratched,  and  is 
disposed  to  tarnish  and  to  change  colour. 

Bohemian  glass  consists  chiefly  of  potassium  and  calcium  silicates. 

Devitrification. — Reaumur's  porcelain  glass  is  prepared  by  heating 
certain  kinds  of  glass,  such  as  bottle-glass,  or  the  soluble  soda-glass 
of  Fuchs,  to  very  nearly  its  melting  point,  and  then  slowly  cooling, 
whereby  it  is  changed  into  a  hard,  opaque,  porcelain-like  mass  (devi- 
trification), a  change  due  to  the  separation  and  crystallization  of  the 
silicates.  Its  original  transparent  state  may  be  restored  by  fusion. 
Such  glass  is  less  fusible  than  common  glass,  and  is  a  fair  conductor  of 
electricity. 

Enamelling  is  effected  by  diffusing  certain  white  opaque  substances, 
Bucli  as  stannic  or  antimonious  oxides,  through  the  glass. 

Colow-ing. — This  is  effected  by  dissolving  certain  metalHc  oxides  in 
ithe  glass.  The  glass  generally  used  for  this  purpose  contains  a  littlie 
borax  and  about  53  per  cent,  of  oxide  of  lead  (paste  or  strass). 
Fer  rous  oxide  imparts  a  green  color  ;  oxides  of  silver  and  antimony, 
.a  yellow ;  finely-divided  charcoal,  a  brownish  yellow ;  uranic  oxide, 
&  greenish  opalescent  yellow;  cupric  oxide  (CuO)  or  chromic  oxide, 
an  emerald  green;  cuprous  oxide  (CugO),  a  ruby-red;  gold  and 
stannic  oxide,  a  more  brilliant  ruby-red ;  manganese  peroxide  a 
violet;  oxide  of  cobalt,  a  blue;  oxides  of  cobalt  and  manganese,  a 
Mack. 

It  will  be  remarked  that  whilst  ferrous  oxide  imparts  a  green  color 
to  glass,  ferric  oxide  imparts  no  color.  Hence  a  little  nitre  or  arse- 
iiious  acid,  or  Pb^O^,  is  often  added  to  the  glass,  in  order  to  oxidise  any 
ferrous  oxide  that  may  be  present.  Similarly,  the  black  oxide  of  man- 
ganese is  sometimes  used,  which  converts  the  ferrous  oxide  into  ferric 
oxide,  the  manganese  oxide  becoming  a  protoxide,  which,  like  ferric 
oxide,  also  imparts  no  color  to  the  glass. 

Painting  on  glass  is  effected  by  painting  on  a  somewhat  non-fusible 
glass  with  a  finely-powdered  and  very  fusible  glass  mixed  with 
turpentine  and  the  oxide  requisite  to  impart  the  color  desired.  A 
sufficient  heat  is  then  applied  to  melt  the  fusible  glass  paint. 
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Colored  glass  is  generally  flashed,  that  is,  colored  only  on  the  surface 
by  dipping  the  imcolored  glass  into  the  colored  glass  pot. 

Eeactions  of  Sodium  Cojipounds. 

Sodium  salts  are  all  white  if  the  acid  be  colorless.  They  are  easily 
fusible  and  volatile  at  high  temperatures. 

(1.)  Flame  reaction — monochromatic  (yellow). 

(2.)  Spectrum.  Two  bright  lines  coincident  with  the  D  lines  of  the 
solar  spectrum. 

(3.)  Potassium  Metantimonate.  White  crystalline  precipitate  of 
dihydric  disodic  pyrantimonate  (H2Na2Sb207,6H20). 

LITHIUM  (Li2). 

Atomic  iveight=  7.     Monad  (LiCl).     Specific  gravity,  0-593.  Specific 
heat,  0-9408.    Fuses  at  356°  F.  (180°  C). 

History. — (Xtfloc,  a  stone.)  Lithia  was  discovered  by  Arfvedson 
(1817).  The  metal  was  first  prepared  in  small  quantities  by  Davy, 
and  in  bulk  by  Matthiessen  (1855). 

Natural  History. — It  is  a  widely,  but  sparingly  distributed-metal. 
It  is  found  in  all  three  kingdoms  of  nature.  In  the  (a)  animal,  it 
occurs  in  milk  and  in  blood  ;  in  the  (/3)  vegetable,  in  tobacco  ;  in  the 
(y)  mineral,  in  all  waters,  also  in  lepidolite,  petalite,  triphane  (spodu- 
mene),  triphylline,  etc. 

Preparation. — By  the  electrolysis  of  fused  lithium  chloride,  hard 
gas  coke  being  used  for  the  positive,  and  an  iron  wire  for  the  negative 
pole. 

Properties. — («•)  Physical.  Lithium  is  a  soft,  white  substance,  and 
is  the  lightest  metal  known,  Sp.  gr.  0-593.  It  is  very  ductile  and 
volatile,  and  burns  with  a  brilliant  crimson  flame.    It  can  be  welded. 

(/3.)  Chemical.  Its  reactions  are  similar  to  those  of  sodium  and 
potassium,  but  it  is  less  readily  oxidised.  Like  potassium,  lithium 
decomposes  water  at  ordinary  temperatures,  but  it  does  not  inflame. 

Uses. — Its  salts  are  used  in  gout  as  a  solvent  for  uric  acid. 

Salts  of  Lithium. 

The  Lithium  compounds  are  analogous  to  the  sodium  and  potassium 
salts.    The  best  known  are  the  following: — 

Lithium  oxide  {Lithia)  (LigO)  ;  lithium  hydrate  (LiHO)  a  body 
which  rapidly  corrodes  platinum  ;  lithium  chloride  (LiCl)  ;  lithium 
iodide  (LiI,3H20)  ;  lithium  fluoride  (LiF)  ;  lithium  sulphate  (Li2S04, 
HgO),  a  crystalline  soluble  salt  ;  lithium  nitrate  (LiNOg)  ;  lithium 
perchlorate  (LiC104)  ;  lithium  phosphate  (Li3P04),  a  salt  soluble  in  dilute 
acids,  but  insoluble  in  alkaline  solutions  or  in  solutions  of  alkaline 
phosphates  ;  and  lithium  carbonate  (LigCOs),  a  very  sparingly  soluble  salt. 
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Reactions  of  Lithium  Compounds. 

(1.)  The  salts  commonly  are  fusible  and  deliquescent. 

(2.)  They  communicate  a  red  color  to  the  blowpipe  flame 

(3.)  They  give  a  nou-contiuuous  spectrum,  showing  a  crimson  baud 
between  B  and  C,  and  a  faint  band  in  the  orange. 

(4.)  They  corrode  platinum  foil  when  heated  upon  it. 

(5.)  Potassium  carbonate  gives  a  white  precipitate  of  lithium  car- 
bonate in  cold  and  very  concentrated  solutions. 

(6.)  Hydric  disodium  plwsphate  gives  a  white  precipitate  in  a  neutral 
or  alkaline  solution,  soluble  in  acids  and  in  ammonium  salts. 


CAESIUM  (Cs„). 

Atomic  weight,  133.    Monad  (CsCl).    Specific  gravity,  1-88. 

History.— (Cicsms,  blue.)— Discovered  by  Bunsen  and  KirchhofE 
(1860),  in  the  Diirkheim  water. 

Natural  History. — Found  in  certain  minerals  {pollux,  a  rare  sili- 
cate), and  in  some  waters. 

Preparation. — By  the  electrolysis  of  a  mixture  of  fused  csesium 
and  barium  cyanides.    (The  BaCyg  is  added  to  increase  fusibility.) 

(The  metal  cannot  be  prepared,  like  Rubidium,  by  the  action  of 
carbon  on  a  caesium  carbonate.) 

Properties. — A  white,  soft  metal.  Specific  gravity  1-88.  Fuses  at 
80-6  F.  (27-0°  C).  Inflames  spontaneously  in  air  or  on  water.  It  is 
the  most  electro-positive  of  all  the  metals.  In  its  general  properties  it 
is  very  like  potassium.  Its  spectrum  consists  of  two  bright  blue  lines 
almost  coincident  with  the  strontium  blue  line  SrS. 

The  compounds  of  caesium  best  known  are  as  follows  : — 
CcBsium  oxide  (e^sia,  CsoO)  ;  caesium  hydrate  (CsHO)  ;  ccesium  chloride 
(CsCl),  a  body  that  forms  double  salts  with  other  metallic  chlorides  ; 
c(Bsium  sidphate  (CS2SO4),  a  body  forming  double  salts  with  sulphates 
of  the  class  to  which  magnesium  sulphate  belongs  ;  hydric  casium  sid- 
pJiate  (CSHSO4)  ;  casitm  nitrate  (CsNOg) ;  c<Bsium  carbonates  (CsoCOj 
and  HCSCO3). 

The  ccBsium  platinic  chloride  is  far  less  soluble  in  water  than  the 
potassium  platinic  chloride. 

RUBIDIUM  (Rbg). 

Atomic  weight,  85-3.    Monad  (RbCl). 

History. — {Rubidus,  dark  red.) — Discovered  by  Bunsen  and  Kirch- 
ho£E  (1860). 

Natural  History. — Widely  distributed  in  minute  quantities.  It  is 
found  in  the  ashes  of  plants,  in  Lepidolite,  in  certain  mineral  springs, 
as  e.g.,  in  a  spring  at  Diirkheim,  from  which  it  was  first  obtained. 
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Preparation. — (1.)  By  the  electrolysis  of  the  fused  chloride. 
(2.)  By  heating  together  carhon  and  rubidium  carbonate. 
Properties.— A  yellowish-tinted  soft  metal.    Sp.  gr.  1-52.  Fuses 
at  101-3°  F.  (38-5°  C).    Boils  at  a  red  heat,  giving  off  a  greenish 
vapor.    Inflames  when  exposed  to  the  air,  but  is  less  readily  oxi- 
dised than  cassium.    Burns  when  thrown  into  water,  or  when  brought 
'  into  contact  with  the  haloid  elements.   It  combines  also  with  sulphur 
.and  arsenic. 

Spectrum.— Two  violet  lines  between  Sr2  and  the  blue  potassium 
line,  and  two  red  hnes  beyond  Frauenhofer's  line  A. 

Compounds  op  Eubidium. 

lluhidhm  chloride  (RbCl),  which  forms  double  chlorides  {e.g.,  PtCli 
2RbCl) ;  rubidnm  bromide  and  iodide  (RbBr  and  Rbl)  ;  rubidium 
hjdrate  (RbHO) ;  rubidium  nitrate  (RbNOg) ;  rubiditm  chlorate 
(RbClOg),  and  j^erchlorate  (RbClOJ;  rubidium  carbonates  (RbgCOg.HoO 
and  HRbCOg);  rubidium  sulphates  (Rb2S04  and  RbHSOi);  rubidium 
dithionate  (RbgSgOe);  rubidium  borate  (Rb20,2B203,6H20). 

Note.  — Cissnm  carbonate  is  soluble  in  absolute  alcohol.  Rubidium 
carbonate  is  nearly  insoluble.  The  rubidium  salts  are  isomorphous  with 
those  of  potassium  and  ceesium. 

AMMONIUM  (NH4  or  Am'). 

Ammonium  (Am')  is  a  hypothetical  metal,  of  which  a  supposed 
amalgam  has  been  prepared.    {See  page  262.) 

Preparation.— {\.)  By  electrolysing  ammonium  chloride,  a  globule  of 
mercury  being  employedifor  the  negative  terminal. 

(2.)  By  placing  potassium  amalgam  in  a  warm  solution  of  ammo- 
nium chloride. 

In  these  cases  the  mercury  swells  enormously,  owing,  it  is  believed, 
to  the  formation  of  an  amalgam  of  the  metal  NH^.  The  bulk  of  the 
ammonium  amalgam  varies  with  the  pressure  very  much  like  a  gas, 
on  account  of  which  many  consider  that  the  so-called  amalgam  is 
simply  mercury  swollen  by  ammonia  and  hydrogen.  The  ammonium 
amalgam,  however,  rapidly  decomposes  into  mercury,  ammonia,  and 
hydrogen,  the  last  two  gases  being  in  the  proportion  of  2NH3  to  H2 
The  ammonium  theory  depends  largely  on  the  circumstance  that  the 
combination  of  dry  ammonia-gas  (NH3)  with  the  anhydrides,  such  as 
UU2  and  SO3,  etc.,  forms  a  class  called  the  ammonides,  which  present  a 
very  slight  resemblance  to  the  corresponding  soda  or  potash  salts. 

sulphuric  ammonide  [(NH3)2S03]  is  a  soluble  crystalline  body,  but 
Its  solution  18  not  precipitated  by  barium  chloride  as  the  true  sulphates 
are,  nor  by  platinum  chloride  as  true  ammonium  salts  are.     By  long 
.oihng,  however,  the  sulphuric  ammonide  [(NHjj^SOs]  becomes  ammonic 
lUphate  [(NH4)2S04],  the  change  really  consisting  in  the  assimilation  of 
one  molecule  of  water  by  two  ammonia  molecules.    In  the  case,  how- 
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ever,  of  the  hyclracids,  a  true  ammonium  salt  {as  NH4CI)  is  formed 
independently  of  a  water  molecule,  the  hydrogen  of  the  hydracid  itself 
supplying  the  hydrogen  atom  required  to  form  the  ammonium  radical. 


Compounds  of  the  Hypothetical  Metal  Ammonium  (NH4=i8). 


Names. 


Ammonium  hydrate  (  p.  368) 


i) 

2  < 


•iH 

72 


72 


o 


o 


)  > 
)) 
)> 
>> 
)> 
>) 
J) 


>l 
)l 
)) 
M 
>> 
>> 


>> 
>> 


chloride  (p.  368) 
platinic-chloride 
iodide  (p.  368) . . 
bromide  (p.  368)     . . 
fluoride  (p.  368)     , . 
fluosilicate 
sulphide  (p.  368)    . . 
disulphide  (p.  370)  . . 
pentasulphidc  (p. 370) 
hepta8u]phide(p.  370) 
sulphhydrate  (p.  370) 
sulphate  (p.  371)  .. 
hydric   sulphate  (p. 

371)   

sodic  8ulphate(p.  371) 
pyrosulphite    . . 
diihionate 
thiosulpbato    . . 

sulphite  

chlorate   

perchlorate 

bromate  

iodatc   

carbonate  (normal), 

(p.  371)  

sesquicarbonatc  (p. 

371)   

bicai-bonate  (p.  371) 
nitrate  (p.  371) 
nitrite  (p.  372) 

phosphates  (p.  372) 

pyrophosphate . . 

sodic  hydric  phos- 
phate (microcosmic 
salt)  (p.  372) . .     . . 


Formula 
(general) . 


(NH,)HO 

NH.Cl 
2NH,Cl,PtCl, 

NH.I 

NH.Br 

NH.F 
2NH,F,SiF. 

(NH,),S 

(NH,),S, 

(NHJA 
NH.HS 
(NH,)',SO, 

(NH,)HSO, 
NH,NaS0,2H50 
(NHJjS.Os 
(NH,),S,0„H,0 
(NH,),S,03,H,0 
(NH),S03,H,0 

NH.ClOa 

NH.CIO, 

NH.BrOj 

NH4IO3 

(NH,),C03,H,0 

(NH4)2C03,2NH,HC03 
NH.HCOa 
NH.NOg 

(NH,)3PO,.3HjO 
(NH,),HPO, 
(NH,)H,PO, 
(NH0,P,O, 


Na(NH,)HP04,4HsO 


I- 


53-5 

145 
98 


68 
100 

260 
51 
132 

115 


96  +  18 

254 
78 
80 


=  132 


137  4-  72 


(1.)  Ammonium  JLydlSiXe— Ammonia  (NH4HO  or  NHg.HgO  or 
AmHO).  The  hydrate  has  not  been  isolated,  but  may  be  assumed  to 
exist  in  the  aqueous  solution  of  ammonia  gas.  When  the  liquid  is 
heated,  ammonia  and  water  are  expelled.  Hence,  supposing  the 
existence  of  a  hydrate,  the  affinity  must  be  of  a  very  feeble  nature. 
The  oxide  is  not  known. 


HALOID  SALTS  OF  AMMONU\^r. 
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Haloid  Salts. 
(2.)  Ammoniiun  Chloride  (NH4CI).— .Sa?  ammoniac. 

Natural  History. — Found  iu  the  neighbourhood  of  volcanoes. 

Preparation. — By  the  combination  of  ammonia  and  hydrochloric  acid. 
In  commerce  it  is  prepared  from  gas  liquor,  which  contains  ammonia 
(derived  from  the  nitrogen  of  coal)  as  a  carbonate  and  sulphide, 
etc.,  or  from  the  water  distillate  obtained  from  bones  in  the  course 
of  the  preparation  of  animal  charcoal.  The  ammoniacal  liquor  is 
either  at  once  neutralised  with  HCl,  and  the  salt  crystallised 
out  and  purified  by  distillation,  or  the  free  ammonia,  evolved  by 
heating  the  liquor  with  lime,  is  conveyed  directly  into  hydrochloric 
acid. 

Properties. — The  chloride  is  a  white  solid,  without  smell,  crystallising 
in  cubes  and  octahedra.     It  is  slightly  soluble  in  alcohol,  but  very 
soluble  in  water  with  great  depression  of  temperature  (1  in  3  at  60°  F., 
and  1  in  1  at  212°  F.).    The  saturated  solution  boils  at  239°  F.  (115° 
C).    It  is  slightly  acid  to  litmus.    It  is  volatile  at  a  moderate  heat 
without  fusing,  undergoing  temporary  decomposition,  when  heated  above 
a  certain  temperature,  into  hydrochloric  acid  and  ammonia  (dissociation). 
Hence  the  vapor  density  of  this,  as  well  as  of  several  other  ammonium 
salts,  is  abnormal.    The  relative  weight  of  the  vapor  is  13'3,  so  that 
one  molecule  (53*5  parts)  instead  of  occupying  two  volumes  would 
seem  to  occupy  four.    Similarly,  dissociation  occurs  when  a  neutral 
(but  not  an  acid)  solution  of  the  salt  is  boiled,  the  steam  carrying 
off  the  NH3.    Ammonium  chloride  forms  double  salts  with  various 
metallic  chlorides  {e.g.,  2NH4Cl,PtCl4).    This  platinum  compound 
is  used  for  the  quantitative  determination  of  ammonium  compounds, 
metallic  platinum  remaining  in  the  crucible  after  the  double  chloride  has 
been  ignited. 

Uses. — In  soldering  and  tinning  to  produce  clean  metallic  surfaces. 
It  effects  this  by  converting  the  oxides  into  fusible  chlorides.  It  is 
also  employed  in  dyeing  and  in  medicine. 

(4  to  6.)  The  Ammonium  Iodide  (NHJ)  and  Bromide  (NH^Br) 

fprepared  by  the  action  of  the  haloid  acids  on  ammonia)  are  used  in 
I)hotography.  They  are  both  soluble  salts,  the  for  mer  decomposing 
><ipidly  on  exposure  on  air.  Ammonium  Fluoride  (NH4F)  is  pre- 
pared in  a  similar  manner. 

The  Sulphides. 
(8.)  Ammonium  ^VL\^\ii^e.—Protosiaphide  [(NH4)2S]. 

Preparation.— Bj  the  union  of  one  volume  of  H„S  with  two  volumes 
of  NH3  at  0°  F.  (—  18°  C.) 

Properties.— It  consists  of  colorless  crystals,  very  soluble  in  water. 
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It  is  a  very  unstable  body,  undergoing  dissociation  into  ammonia  and 
ammonium-bydric  sulphide  above  0°  F.  (—18°  C). 

(12.)  Ammonium-hydric  Sulphide- — Hydrosulphate  of  ammonia ; 
Ammonium  suljMydrate  (NH4HS). 

Preparation. — (1.)  {As  a  solution.)  By  saturating  a  solution  of  am- 
monia with  sulphuretted  hydrogen. 

(2.)  {Anhydrous.)  By  the  admixture  of  equal  volumes  of  ammonia 
and  sulphuretted  hydrogen. 

(3.)  By  passing  HgS  into  alcoholic  ammonia. 

Properties. — The  anhydrous  salt  is  colorless,  transparent,  very 
volatile,  subliming  unchanged,  or  undergoing  dissociation  into  NH3 
and  H2S,  which  reunite  on  cooling.    Soluble  in  water. 

The  solution  (the  usual  laboratory  reagent)  is  at  first  colorless,  but 
speedily  becomes  yellow  by  absorbing  oxygen,  whereby  ammonium 
disulphide  and  thiosulphate  are  formed  : — 

8NH4HS  +  5O2  =  2[CNH4)2S2]  +  2[(NH4)2S203]  +  4H2O. 

Finally  sulphur  is  deposited,  the  solution  then  containing  thiosul- 
phate, sulphite  and  sulphate  of  ammonium. 

The  solution  of  NH4HS  is  largely  used  in  the  laboratory  as  a  test 
reagent.    Two  important  facts  should  be  remembered  : — 

(1.)  On  the  addition  of  an  acid, — (a.)  the  fresh  solution  gives  off  HgS, 
the  solution  itself  remaining  clear : — 

NH^HS    +    HCl    =    NH4CI    +    HoS  ; 

(/3.)  IVhilst  the  old  solution,  which  also  gives  ofi  HgS,  becomes  turbid 
from  the  deposition  of  sulphur  by  the  action  of  the  acid  on  the  am- 
monium disulphide  : — 

(NIl4)2S2    +    2HC1    =    2NH4CI    +    H2S    +  S. 

(2.)  On  the  addition  of  acetate  of  lead,  (a.)  the  fresh  solution  gives  a 
black  precipitate  of  plumbic  sulphide  (PbS)  ; 

(/3.)  Whilst  the  old  solution  gives  a  red  precipitate,  due  probably  to 
the  formation  of  a  persulphide. 

Boyle's  fuming  liquor  (prepared  by  distilling  sal-ammoniac  with  lime 
and  sulphur)  is  the  hydrated  diammoniim  sulphide.  Its  solution  in 
water,  which  dissolves  sulphur  freely,  forms  an  Ammonium  Penta- 
SUlphide  [(H4N)2S5],  from  which  solution  the  sulphur  may  be 
obtained  in  oblique  rhombic  prisms.  An  Ammonium  Heptasul- 
phide,  with  the  formula  [(H4N)2S7],  has  been  obtained.  It  is  a  red 
crystalline  body. 

Ammonium  Oxy-salts. 

(13.)  Ammonium  Sulphate  Preparation.   By  dis- 

tilling gas  liquor  either  alone  or  with  lime,   and  condensing  the 
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immonia  set  free  in  sulphuric  acid.  It  is  found  native  as  mas- 
oaguite. 

Propei-ties.—A  crystalline  salt  (six-sided  rhombs),  soluble  in  water 
(1  in  2  aq.  at  60°  F.,  and  1  in  1  at  212°  F.)  (Sp.  gr.  1-75).  When 
heated  the  crystals  first  decrepitate,  thou  melt  (284°  F.  or  U0°  C), 
and  finally  decompose  (500°  F.  or  260°  C),  HoO,  NH3,  N,  and  SO^ 
being  formed. 

It  is  used  as  a  manure,  and  also  to  render  muslin  non-inflammable. 

(14  and  15.j  An  acid  or  Hydric  Ammonium  Sulphate  (NH4)HS04 
ami  a  Sodic  Ammonium  Sulphate  (NH,)NaS04,2HO  are  also 

known. 

(24.)  Ammonium  Carbonate  (Normal)  [(NH4)2C03,HoO],  is 

an  unstable  salt,  prepared  by  saturating  a  solution  of  the  sesquicar- 
bonate  with  ammonia  gas.  Exposed  to  the  air,  it  rapidly  becomes 
(NH,HC03).  It  dissociates  at  136-4°  F.  (58°  C),  COo.NHg  and  H„0 
being  formed. 

(25.)  Ammonium  Sesquicarbonate  {common  carbonate  of  ammonia, 
or  Preston  smelling  salts)  [(NHJ„CO,,2(NH„HC03)=(NH,),H2(C03)3] 
IS  prepared  by  heating  chalk  with  ammonium  chloride  (or  sulphate). 
The  sesquicarbonate  sublimes,  and.  may  be  collected  in  a  leaden  vessel, 
and  afterwards  purified  by  sublimation  : — 

6NH,C1  +  3CaC03  =  3CaCL  +  2NH3  +  H„0  +  [(NH,),H2(C03)3] 
Ammoiiium+  Calcium    =  Calcium  +  Ammonia  -|- Water  +  Ammonium 
chloride       carbonate        chloride  sesquicarbonate. 

The  salt  smells  strongly  of  ammonia,  and  is  soluble  in  cold  water 
:iin  3  aq.). 

On  exposure  to  air  the  transparent  sesquicarbonate  gives  off  NH3 
and  CO2,  the  salt  becoming  opaque  and  crumbly,  an  ammonium  bi- 
carbonate being  formed. 

(26.)  Hydric  Ammonium  Carbonate  (NHJHCO3  =  78  {bicar- 

'>onate)  (Sp.  gr.  1-58),  is  prepared  by  saturating  a  solution  of  ammonia 
u'ith  carbonic  anhydride,  or  by  the  action  of  air  or  of  a  small  quantity 
3f  water  or  alcohol  on  the  sesquicarbonate.  The  water  dissolves  the 
lormal  carbonate  and  leaves  the  bicarbonate,  it  being  the  more  sparingly 
soluble  salt  (1  in  8  aq.).  A  solution  of  the  salt  gives  off  CO2,  be- 
•ommg  ammoniacal  even  at  ordinary  temperatures. 

(27.)  Ammonium  Nitrate  (NH.tN03)  is  prepared  by  neutralising 
unraonium  carbonate  with  nitric  acid.    It  is  a  crystalline,  dehquescent 
-alt,  losing  ammonia  as  it  deliquesces,  and  becoming  acid.    It  is 
soluble  in  water  with  great  absorption  of  heat.    On  the  application 
a  temperature  of  226°  F.  or  107-8°  C.  it  melts,  and  at  482°  F.  or 
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250°  C.  undergoes  decomposition  into  water  and  nitrous  oxide,  whilst 
at  a  still  greater  heat  it  is  decomposed  into  water,  nitric  oxide  and 
nitrogen.    At  low  temperatures  it  absorbs  ammonia. 

(28.)  Ammonium  Nitrite  (NH^NOs).  Preparation.— {l)  By  the 
slow  oxidation  of  phosphorus  in  moist  air  ;  (2)  by  the  action  of  ozone 
on  dilute  ammonia  ;  (3)  by  the  combustion  of  hydrogen  in  air  ;  (4) 
by  mixing  ammonia,  oxygen  and  nitric  oxide  in  a  dry  flask  ;  or  (5) 
by  the  action  of  barium  nitrite  on  ammonium  sulphate. 

Properties. — A  white  crystalline  body,  decomposing  at  common  tem- 
peratures into  nitrogen  and  water,  but  exploding  on  the  application 
of  heat.    It  decomposes  rapidly  when  dissolved. 


(29.)  Ammonium  Phosphate  ((NH4)2HP04)  is  prepared  by  satu- 
rating a  solution  of  phosphoric  acid  with  ammonium  carbonate,  and 
evaporating  with  the  constant  addition  of  ammonia.  It  is  soluble  in 
water,  and  is  much  used  in  the  laboratory  as  a  reagent. 

(31.)  Sodic  Ammonic  Hydrio  Phosphate,  Microcosmic  Salt 

{fxiKpoQ,  little,  and  ko(T}x6q,  a  world)  (Na,NH4,H,P04,4H20),  is  the 
only  ammonium  phosphate  of  importance,  although  phosphates  cor- 
responding to  the  sodium  phosphates  are  known.  It  occurs  in  guano 
and  in  stale  urine. 

Preparation. — By  mixing  boiling  solutions  of  1  part  of  ammonium 
chloride  and  6  parts  of  hydric  sodium  phosphate  (NaoHPO^  -|-  NH^Cl 
=  NH4NaHP04  -f  NaCl) .  The  microcosmic  salt  is  purified  by 
successive  recrystallizations. 

Properties. — It  is  very  soluble,  the  solution  having  an  alkaline  re- 
action. On  the  application  of  heat,  ammonia  and  water  are  driven 
oi¥,  a  sodium  metaphosphate  remaining  (NH^NaHPOi  =  NaPOg  + 
NH3  +  HgO).  This  compound  (like  borax)  becomes  a  colorless  glass 
at  a  red  heat,  in  which  state  it  dissolves  various  metallic  oxides,  form- 
ing with  them  beads  of  different  colors.  Hence  its  use  in  blow-pipe 
experiments. 

Reactions  of  Ammonium  Compounds. 

Ammonium  salts  are  white  unless  the  acid  be  colored,  and  entirely 
Yoiatile  unless  the  acid  be  fixed,  in  which  latter  case  only  ammonia 
is  evolved. 

Flame.— "No  color  is  imparted  to  a  flame  by  ammonium  compounds. 
Platinic  chloride.— A  ppt.  of  (PtCl4,2NH4Cl),  which  on  ignition 
leaves  metallic  platinum  only. 
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Tartaric  Acid  ov  Acid  Sodium  'Tartrate^  a  white  crystalline  precipi- 
tate of  NH^,HC4H_i06. 

Heated  with  calcium  hydrate  or  caustic  soda  or  potash,  ammonium 
compounds  evolve  ammonia,  known  by — (1)  its  smell;  (2)  its  browning 
turmeric  ;  (3)  and  its  forming  white  fumes  with  HCl. 

Nessler  reagent  (mercuric  iodide  dissolved  in  a  solution  of  potassium 
iodide  and  caustic  potash)  gives  either  a  brown  discoloration  or  a 
precipitate,  according  to  the  quantity  of  ammonia  present.  [This 
reaction  does  not  occur  in  the  presence  of  alkaline  sulphides  or 
cyanides.] 


CHAPTER  XIV. 


THE  METALS  OF  THE  ALKALINE  EARTHS. 

Barium  and  its  Compounds  —  Strontium  and  its  Compounds  —  Calcium  and  ita 
Compounds — Magnesium  and  its  Compounds. 


Metal. 

Symbol. 

Atomic 
Weight. 

Specific 
Gravity. 

Electric 
Conductivity 
68°— 72°  F. 

Barium 

Ba 

137-0 

4-0 

Strontium 

Sr 

87-5 

2-54 

6-71 

Calcium        . . 

Ca 

40-0 

1-57 

22-14 

Magnesium    . . 

Mg 

24-0 

1-74 

25-47 

We  class  magnesium  with  the  metals  of  the  alkaline  earths  for 
convenience,  although  its  power  of  resisting  oxidation  at  ordinary 
temperatures,  its  volatility  at  a  high  temperature,  the  sparing  solu- 
bility  of  its  oxide  and  sulphide,  and  the  solubility  of  its  sulphate, 
more  nearly  ally  it  to  zinc  and  cadmium  than  to  the  metals  of  this 
group. 

Barium,  strontium  and  calcium  are  distinguished  from  the  alkaline 
metals  as  follows  : — 

(1.)  They  are  dyad  elements,  the  alkaline  metals  being  monads. 

(2.)  They  are  heavier  than  water,  the  alkaline  metals  being  lighter. 

(3.)  They  decompose  water  less  energetically. 

(4.)  Their  oxides  and  sulphides  are  less  soluble  in  water. 

(5.)  Their  carbonates  are  insoluble  in  pure  water,  but  soluble  ia 
water  containing  COg. 

(6.)  Their  sulphates,  phosphates  and  oxalates  are  nearly  insoluble. 

(7.)  They  each  form  two  oxides,  of  which  one  is  basic,  and  forms 
a  hydrate  with  water,  having  the  formula  M"H202- 

(8.)  They  each  form  one  chloride,  of  the  formula  M"Clo. 


BARIUM  (Ba"=  137). 
Atomic  weight,  137.    Specific  gravity,  4-0.    Atomicity,  dyad  (Ba"Cl2). 
History— Isolated  by  Sir  H.  Davy  (1808). 
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Natural  History. — Does  not  occur  native.  It  is  cliiefly  found  as 
heavy  spar  (BaSOj)  and  as  Witherite  (BaCOg).  Traces  of  the  metal 
in  combination  have  been  found  in  some  few  mineral  waters. 

Preparation. — (l.)  By  electrolysing  fused  or  moistened  barium 
chloride.  In  the  latter  case  mercury  is  employed  for  the  negative 
pole,  an  amalgam  of  barium  resulting.  The  mercury  is  afterwards 
driven  ofE  by  heat  in  a  current  of  hydrogen. 

(2.)  An  amalgam  of  barium  may  also  be  formed  by  the  action  of 
sodium  amalgam  on  a  solution  of  barium  chloride. 

(3.)  By  passing  the  vapor  of  potassium  over  red-hot  barium  oxide 
or  chloride,  and  extracting  the  metal  with  mercury. 

Properties. — A.  pale  yellow,  malleable  metal.  Melts  below  a  red 
heat.  Tarnishes  in  air.  Decomposes  water  at  ordinary  temperatures 
fBa  +  2H2O  =  H2  +  BaHgOo),  and  glass  at  a  red  heat.    Sp.  gr.  4*0. 


Compounds  of  Barium  (Ba  =  137). 


COMPOUNDS. 

Formula. 

Molecular 
weight  of 
anhydrous 
salt. 

Specific 
gravity  of 
crystals. 

BaO  in 
100  parts. 

1 

Bariiun 

oxide  (baryta). 

_  (p.  376)   . . 

Ba"0 

153 

4-73 

100-00 

2 

dioxide  (p.  376) 

BaO^ 

169 

90-53 

3 

>  > 

hydrate  (p.  376) 

BaHjOa 

171 

4-495 

89-47 

4 

chloride  (p.  376) 

BaCl2,2H20 

208+36 

3-052 

73-55 

5 

bromide 

BaBr22H20 

6 

>) 

iodide    . . 

7 

)> 

fluoride  . . 

BaFj 

8 

>> 

fluosilicate   . . 

BaFjSiF, 

9 

)» 

sulphides 

90-53 

(p.  376)  (a.) 

BaS 

169 

)> 

BaS.HjO 

76-11 

10 

)) 

disulphide    . . 

BaS^ 

201 

11 

n 

sulphhydrate. . 

BaHjSjj 

4-59 

65-66 

12 

») 

sulphate  (p.  377) 

BaSO^ 

233 

13 

) ) 

pyrosulphate.  . 

BaSjOj 

14 

»> 

sulphite . . 

BaSOg 

16 

>) 

dithionate 

BaS2062H20 

16 

)l 

thiosulphate . . 

BaSoOa.B^O 

17 

J) 

nitrate  (p.  377) 

Ba2N03 

261 

3-284 

58-62 

18 

)» 

nitrite  . . 

Ba2N02H20 

19 

>  > 

carbonate 

(p.  377)  .. 

BaCOg 

197 

4-3 

77-67 

20 

)) 

chlorate  (p.  377) 

Ba2C103,HjO 

304  +  18 

3-0 

50-32 

21 

)» 

perchlorate  . . 

Ba2C10,4HjO 
(  Ba32PO,H„0 

22 

>) 

phosphates   . . 

1  BaHPO, 
(  BaH,2P04 
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Compounds  of  Barium  with  Oxygen,  etc. 

Barium  oxide      ...       ...       •••       •••  BaO. 

Barium  peroxide  .. .        .  •        •..        ...  BaOg. 

Barium  hydrate  ...        ...       ...       ...  BaHgOo. 

(1.)  Barium  Oxide,  Baryta  (BaO),  is  the  product  of  the  combus- 
tion of  the  metal  in  air,  and  constitutes  the  residue  left  on  igniting 
barium  nitrate,  or  a  mixture  of  barium  carbonate  with  carbon.  It  is  a 
greyish  substance,  fusible  in  the  oxyhydrogen  flame.  (Sp.  gr.  4'73). 
It  freely  absorbs  moisture  and  carbonic  anhydride,  and  slakes  with 
water,  forming  barium  hydrate  (BaHgOg). 

(2.)  Barium  Peroxide,  or  Dioxide  (BaOg)  is  prepared  by  heating 
barium  oxide  either  with  potassium  chlorate  or  in  a  current  of  oxygen 
or  of  air  at  about  752°  F.  (400°  C).  It  is  used  in  the  preparation  of 
hydroxyl  (p.  248),  and  as  a  source  of  oxygen  (page  70).  It  is  a  white 
powder,  insoluble  in  water.  When  very  strongly  heated  it  gives 
off  oxygen,  leaving  BaO. 

Treated  with  sulphuric  acid  it  evolves  oxygen.  Heated  in  a  stream 
of  SOg,  BaSO^  is  formed. 

(3.)  Barium  Hydrate,  Caustic  baryta  (BaHgOs).  Preparation.  (1.) 
By  the  action  of  water  on  baryta  (BaO).  (2.)  By  boiling  barium  sul- 
phide with  cupric  oxide  (BaS  +  CuO  -f  HgO  =  BaHgOg  +  CuS). 
{Z.)  Manufacturing  process.  By  first  heating  powdered  heavy  spar  with 
carbon  (forming  BaS),  then  passing  carbonic  anhydride  and  steam  over 
the  residue  (forming  BaCOa),  and  finally  subjecting  the  carbonate 
formed  to  the  action  of  superheated  steam  (BaCOa  +  HgO  =  BaHoOj 
+  COs). 

Properties.— It  rapidly  absorbs  COj.  It  is  not  decomposed  by  heat. 
It  is  soluble  in  water  (1  in  20  at  60°  F.,  and  1  in  3  at  212°  F., 
baryta  water),  but  is  almost  insoluble  in  alcohol.  Heated  in  a  current 
of  air,  water  is  driven  off  and  BaOg  formed.  Barium  hydrate  was 
formerly  used  to  separate  the  uncrystallizable  from  the  crystallizable 
sugar.  It  forms  with  cane  sugar  an  insoluble  compound  (Ci2H220iiBaO) 
which,  when  suspended  in  water  and  subjected  to  a  stream  of  COo, 
yields  sugar  (which  is  soluble  in  the  water),  and  BaCOa  which  is 
insoluble.  SrHgOj  has  of  late  been  substituted  for  BaHoOg  for  a 
similar  purpose  in  the  refining  of  sugar. 

(4.)  Barium  Chloride  (BaCl2,2H20)  is  prepared  by  dissolving 
BaCOa  or  BaS  in  HCl,  or  by  heating  the  sulphate  with  coal,  lime- 
stone, and  calcium  chloride.  It  crystallizes  in  flat  prisms,  which  are 
soluble  in  pure  water  (1  in  2  of  water  at  60°  F.),  but  are  much  less 
soluble  if  the  water  contains  any  free  acid.  Sp.  gr.  3'05.  It  is 
almost  insoluble  in  alcohol  or  in  strong  mineral  acids. 

(9.)  Barium  Sulphide  (BaS).— Prepared  by  pouring  HoS  over  the 
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heated  oxide,  or  by  heating  the  sulphate  with  carbon  (Bolognian  phos- 
phoinis).  It  is  a  white  body,  and  absorbs  water,  oxygen  and  CO2  when 
exposed  to  the  air.  To  see  its  phosphorescence  the  newly-made  and 
hot  sulphide  should  be  preserved  in  sealed  tubes  (luminous  paint). 
With  water  it  forms  a  mixture  of  the  hydrate  and  sulphhydrale 
(2BaS  +2H„0  =  BaHgOg  +  BaHjSs). 

Barium  Oxy-salts. 

(12.)  Barium  Sulphate  (BaS04)  is  found  native  as  heavy  spar. 
The  powder  has  a  Sp.  gr.  of  4-5.  It  is  almost  insoluble  in  water  (1  in 
400,000  by  weight)  or  in  acids,  excepting  in  boiling  sulphuric  acid.  It 
is  used  by  artists  as  a  paint  {permanent  white),  and  is  employed  as  an 
adulterant  of  white  lead.  Heated  with  carbon,  it  (in  common  with  all 
sulphates)  becomes  a  sulphide. 

(17.)  Barium  Nitrate  (Ba2N03)  is  prepared  by  the  action  of  dilute 
HJs^Oa  on  BaCOa.  The  crystals  are  octahedral.  Sp.  gr.  3"2.  It  is  in- 
soluble in  alcohol  or  in  concentrated  nitric  acid,  but  is  soluble  in  water 
(1  in  8  at  60°  F.,  and  1  in  3  at  212°  F.).  It  melts  at  1 106.6  F  (597°  C). 
and  is  decomposed  at  a  red  heat  (2BaN206  =  2BaO  -f-  2N2O4  +  O2). 
It  is  used  for  green  fire  in  pyrotechny. 

(19.)  Barium  Carbonate,  Witherite,  Sp.  gr.  4-3  (BaCOa),  is  pre- 
pared by  the  action  of  an  alkaline  carbonate  on  a  barium  salt.  Arti- 
ficially prepared,  it  is  a  dense  white  powder.  It  is  insoluble  in  water 
containing  saline  matter,  almost  insoluble  in  pure  water  (1  in  14,000), 
but  soluble  in  water  containing  COo  (1  in  600  parts).  It  fuses  at  a 
white  heat,  when,  it  gives  off  COg,  but  decomposition  is  more  easily 
effected  if  it  be  mixed  with  carbon.    It  is  used  as  a  rat  poison. 

(20.)  Barium  Chlorate  (Ba(C103)2,H20)  is  prepared  either  by 
neutralizing  chloric  acid  with  carbonate  of  barium  and  evaporating,  or 
by  passing  chlorine  into  a  hot  solution  of  barium  hydrate.  It  is 
soluble  in  cold  water  (1  in  4  of  water).  By  heat  it  evolves  oxygen, 
leaving  a  residue  of  chloride. 

Reaction  op  Barium  Compounds. 

i>>ec<?-ii7re.— Complex.  The  two  bright  hues  in  the  green,  are  those 
most  marked. 

Flame. — Barium  colors  the  non-luminous  flame  green. 
Sulphuric  Acid  and  Soluble  Sulphates —White  ppt.  (BaSO^),  insoluble 
in  dilute  acids. 

Alkaline  Carbonates.    A  white  ppt.  of  BaCOg. 

Hydrofluosilicic  Acid.—W\niQ  crystalline  ppt.  (SiF^jBaFg). 

Potassium  Chromate  (or  Dichromate).—Y ellowp-pt,  insoluble  in  acetic 
acid. 
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STRONTIUM  (Si"=87  o). 

Atomic  weight,  87-6  ;  Specijic  gravity,  2.54  ;  Atomicity,  dyad  (Sr"CI„). 
History. — Isolated  by  Sir  H.  Davy  in  1808. 

Natural  History.— Found  as  strontianite  (SrCOj)  and  as  celesline 
(SrS04).    Traces  also  occur  in  brine  springs,  etc. 

Preparation.— By  electrolysis  of  the  fused  chloride  (see  Barium 
p.  375). 

Properties.— A  yellow,  malleable  metal.  It  oxidises  spontaneously 
on  exposure,  burns  in  air  with  a  crimson  flame,  and  decomposes  water 
at  common  temperatures  with  the  evolution  of  hydrogen.  It  melts 
at  a  red  heat.  It  is  soluble  in  dilute,  but  not  in  concentrated,  nitric 
acid. 

Compounds  of  Strontium  (Sr  =  87-6). 


Names. 


2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


Strontium  oxide  (stron- 
tia) 
dioxide 
hydrate 
chloride 
hromide 
iodide., 
fluoride 
fluosilicate.  . 
sulphate 
sulphite 
dithionate  . . 
thiosulphate. 
nitrate 
earhonate  . . 
chlorate 
phosphate, 
(like  Barium) 


Formula. 


SrO 
SrO^ 
SrHjOj,8H20 
SrCl2,3HjO 
SrBrjGH.O 
SrL7H„0 
SrF, 

SrFjSiF„2HjO 
SrSU4 
SrSO. 


SrS,d 


SrSj03,5HjO 
Sr2N63 
SrCOj 
Sr2C10, 


Atomic 
"Weight  of 
Anhydrous 
Salt. 


103-6 
119-6 
121-6 
158-6 


183-6 


211-6 
147-6 


Specific 
Gravity  of 
Crystals. 


SrO  in 
100  parts. 


4-611 

1-396 
1-603 


3-9 


2-  305 

3-  65 


100-0 
86-62 
85-19 
65-32 


56-43 


70-19 


(1.)  Strontium  Oxide. — Strontia  (SrO).  Corresponds  in  all 
respects  to  BaO  (see  page  376). 

(2.)  Strontium  Dioxide  (SrOg). 

Preparation. —  By  the  action  of  hydroxy  1  on  strontium  hydrate  (SrHoOa 
+  H202=  SrOg  +  SHaO).  It  cannot  be  prepared,  like  BaOj,  by  heating 
SrO  in  air. 

(9-)  Strontium  Sulphate  (SrS04)  occurs  native  as  celestine.  It 
is  precipitated  by  sulphuric  acid  from  solutions  of  strontium  salts.  It  is 
but  very  slightly  soluble  in  water  (0-015  part  in  100  of  water  at 
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60°  F.).  Fuses  at  a  bright  red  heat.  It  may  bo  known  from  the  barium 
salt  by  its  conversiou  into  carbonate  when  digested  with  a  cold  solu- 
tion of  an  alkaline  carbonate. 

(13.)  Strontium  Nitrate  (Sr2N03)  is  a  deliquescent  salt  used  in 
the  manufacture  of  red  fire.  It  is  insoluble  in  nitric  acid,  but  soluble 
in  water  (1  in  2  at  50°  F.,  and  1  in  1  at  212°  F.). 

(14.)  Strontium  Carbonate  (SrCO.,)  is  prepared  by  adding  a  solu- 
tion of  an  alkaline  carbonate  to  one  of  strontium  nitrate.  It  occurs  in 
nature  as  slrontianite.  It  is  sparingly  soluble  in  Avater  (1  in  18,000), 
and  evolves  COg  at  a  red  heat. 

Tests  for  Strontium  Compounds. 

All  the  strontium  salts  are  white  provided  the  acid  with  which  the 
metal  is  combined  be  colorless. 

1.  Strontium  compounds  color  a  non-luminous  flame  red. 

2.  In  the  spectrum  several  bright  bands  are  seen  in  the  red  and 
orange,  and  a  brilliant  band  in  the  blue. 

Tests  similar  to  barium  compounds,  excepting  that — 

3.  Eyclrofiuosilicic  acid  gives  no  precipitate  with  strontium  salts, 
the  compound  (SrF2,SiF4)  being  soluble  in  water. 

4.  Alkaline  carbonates,  a  white  precipitate  (SrCOg). 

5.  A  solution  of  strontium  sulphate  precipitates  BaS04  from  a  solu- 
tion of  a  barium  salt. 

6.  Potassium  Bichromate ;  no  ppt.    (See  Barium,  p.  377). 

CALCIUM  (Ca"=40). 
Atomic  weight,      ;  Specific  graoity,  1-578;  Atomicity,  dyad  {C&Cl^); 

Specific  heat,  0-167. 
History. — Isolated  by  Davy,  1808, 

Natural  History.— Found  (a.)  in  the  mineral  kingdom,  as  a 
carbonate  in  marble,  limestone,  calcspar,  etc.  (CaCOg) ;  as  a  sulphate 
in  gypsum,  selenite,  alabaster,  etc.  (CaSO^) ;  as  a  fluoride  in  fluorspar; 
as  a  phosphate  in  apatite,  phosphorite,  etc.;  as  stjngenite  (CaK2,2S04); 
&sglauberite  (CaNa22S04);  as  osteolite  and  sombrerite  (CagP^Oa),  etc. 
It  occurs  in  all  spring  and  river  waters  ;  in  the  sun  and  some  of  the 
fixed  stars,  etc. 

(fi.)  In  the  animal  kingdom  it  is  found  in  bones  as  a  phosphate,  and 
i  in  eggshells,  oystershells,  etc.,  as  a  carbonate, 
(y.)  It  is  present  in  all  vegetables. 

Preparation. — (l.)  By  processes  similar  to  those  described  for  the 
i  preparation  of  barium  and  strontium  {see  page  375). 
(2.)  By  igniting  sodium  with  calcium  iodide. 

(3.)  By  heating  an  alloy  of  zinc  and  calcium  (formed  by  fusing 
t  together  zinc,  sodium,  and  calcium  chloride)  so  as  to  volatilize  the 
i  zinc.  (Caron.) 
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(4.)  By  electrolysing  a  fused  mixture  of  calcium,  strontium,  and 
ammonium  chlorides.  (Mathiesson). 

Properties. — -A-  light  yellow,  very  hard,  malleable,  ductile  metal. 
Specific  gravity  r578.  It  melts  at  a  red  heat,  tarnishes  in  moist  air, 
and  decomposes  water  with  the  evolution  of  hydrogen.  It  is  rapidly 
acted  on  by  dilute  acids.  Concentrated  nitric  acid  has  no  action  upon 
it,  calcium  in  this  respect  resembling  the  passive  state  of  iron.  Tiie 
heated  metal  bums  with  a  brilliant  yellow  light. 


Compounds  of  Calcium  (Ca  =  40). 


Names. 


>  J 
)> 


I) 


Calcium  oxide  (quick 
lime)  . . 
dioxide . . 
hydrate  (slaked 
lime)  . . 

chloride 

hvomide 
iodide  . . 
fluoride  (fluor 

spar)  . . 
fluosilicate 
sulphide 
disulphidc 
pentasulphide 
phosphide 
,,  disilicidc 
, ,  carbonate 

(chalk) 
,,      sulphate  (gyp 

sum)  . . 
, ,      potassic  sul 
phate  (syu' 
genite) 
,,      sodic  sulphati 
(glauberite) 
thiosulphate. 
, ,      dithionate  . 
sulphite 

,,      nitrate  . . 

,,  hypocUorite. 

ortho- 
,,  phosphates 

pyro- 
meta- 

,,  hypophosphite 
oxalate. . 


Formula. 


CaO 
CaO, 

CaHjOj 

CaClj 

CaBrj 
Calj 

CaFj 
CaFj.SiF^ 
CaS 
CaSj 
CaS. 
Ca,?,(?) 
CaSij 

CaCOa 
}  CaSO, 

CaK22S04,H30 

CaNa22S0, 
CaSjOaeHjO 
CaS2064HjO 
CaS03,2H20 

Ca2N03,4H20 

CaCljO^ 
CajP^Og  (bone 

earth) 
CaHP0^2H20 
CaH,(PO,)2HjO 
(superphosphate) 
Ca,P,07 
CaPjOg 
CaH.P^O^ 
CuCjO„2HjO 


O  be  as 


56 

7i 
111 


78 
72 

142 

100 
136 


164 


128 


Specific  Gravity 
of  the  Crystal. 


3-18 


2-078 
Crystallized  1-680 
Fused    . .  2-485 


3-4 


2-72 

Crystallized  2-30 
Anhydrous  2-£5 


Crystallized  1-780 
Anhjdrous  2-24 


Ca  or  CaO 
in  100  parts. 


Ca  =  7l-43 

Ca0  =  75-68 
Ca=  36-03 


Ca=51-28 


Caa= 56-00 
lCa0=41-18 


USES  OF  LIME. 
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CoJirouNDs  OF  Calcium  with  Oxygen  and  Hydkoxyl. 

Calcium  oxide         ...        ...        ...  CnO. 

Calcium  peroxide    ...        ...        ...  CaOo- 

Calcium  hydrate     ...        ...       ...  CaHgOg. 

(1.)  Calcium  Oxide;  Lime;  Quicklime  (CaO).  Preparation. — (1.) 
By  heating  a  mixture  of  coal  with  limestone  or  chalk  (CaCOs). 
"Lime"  is  prepared  commercially  by  heating  the  mixture  in  properly 
constructed  kilns,  the  mixed  material  being  put  in  at  the  top  of  the 
furnace,  and  the  quicklime  taken  out  at  the  bottom.  (2.)  Pure  CaO 
maybe  prepared  by  heating  Carrara  marble  (see  CaCOs),  or  calcium 
nitrate  to  redness  for  some  hours  in  a  crucible. 

Properties. — A  white,  caustic  substance.  Specific  gravity  3'08.  It 
combines  rapidly  with  water  (slaking),  by  which  process  great  heat  is 
evolved.  The  lime  swells  up  during  the  process  {live-lime),  and  finally 
crumbles  to  a  white  powder,  forming  CaHgOg,  called  slaked  lime 
i^solid  calcium  hydrate).  If  the  limestone  from  which  lime  is  prepared 
contains  clay,  it  is  apt  to  vitrify,  whilst  if  the  lime  contains  magnesia, 
it  slakes  badly  (a  poor  lime).  A  lime  that  slakes  well  is  called  a  rich 
lime.  When  exposed  to  the  air  it  absorbs  both  moisture  and  carbonic 
anhydride,  becoming  what  is  called  "  air-slaked  "  lime,  which  is  a  mix- 
ture of  CaCOg  and  CaHoOo. 

CaO  is  used  in  the  laboratory  for  drying  gases.  It  is  infusible,  even 
in  the  oxyhydrogen  blow-pipe,  and,  is  used  therefore  for  the  lime 
light. 

(2.)  Calcium  Peroxide  (CaOg).  Prepared  like  SrOg  (seepage  378). 

(3.)  Calcium  Hydrate,  Slaked  lime  (CaHoOg).  Prepared  by  the 
action  of  water  on  CaO.  Specific  gravity  2'078.  At  a  red  heat  it 
yields  up  HgO,  "  quicklime  "  (CaO)  being  formed. 

A  white  creamy  mass  called  "  milk  of  lime  "  is  produced  when  calcium 
hydrate  is  diffused  in  water.  Calcium  hydrate  is  twice  as  soluble  in 
cold  (1  in  Too  or  O'o  gr.  to  5j.)  as  it  is  in  hot  water,  the  solution  being 
known  as  " lime  water"  an  alkaline  liquid,  absorbing  COg  from  the 
air  with  avidity.  By  evaporating  lime-water  "  in  vacuo,"  a  crys- 
talline hydrate  (CaHgOg)  may  be  obtained  (Gay  Lussac). 

Uses  of  Lime. 

Mortar,  lolnch  is  used  for  buildings  exposed  to  the  action  of  air  only, 
consists  of  lime  and  sand,  the  latter  being  added,  as  in  the  case  of 
pottery,  to  increase  cohesive  power,  and  to  prevent  the  mortar 
shrinking  as  it  dries.  Before  the  mortar  is  applied,  the  bricks  are 
wetted,  in  order  to  prevent  their  absorbing  moisture  too  rapidly  from 
tlie  mortar.    It  is  not  very  clear  why  mortar  "  sets."    The  lime  on 
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the  surface  becomes  a  carbonate,  whilst  possibly  a  calcium  silicate  may- 
be foi-med. 

Mortar,  when  exposed  to  the  action  of  water,  disintegrates.  Hence 
it  cannot  be  used  for  sub-aqueous  constructions. 

Cements,  or  Hydraulic  Mortars,  employed  for  buildings  exposed 
to  the  action  of  water.  They  consist  of  a  calcined  mixture  of  carbonate 
of  lime  and  clay  (10  to  30  per  cent.).  [If  too  great  a  heat  be 
applied  in  burning,  the  lime  would  be  vitrified  and  would  not  slake, 
calcic  and  aluminic  silicates  being  formed].  The  powdered  mass, 
when  mixed  with  water,  solidifies,  owing  to  the  formation  of  hydrated 
double  silicates  and  aluminates.  The  material  thus  formed  is  of  great 
hardness,  and  iS  not  acted  upon  by  water. 

The  rapidity  of  solidification  depends  on  the  quantity  of  clay 
present.  If  it  contains  25  to  35  per  cent.,  it  hardens  in  a  few  hours, 
and  constitutes  what  is  called  Roman  cement,  a  substance  commonly 
manufactured  from  the  nodules  of  calcareo-argillaceous  ironstone,  found 
in  the  London  clay. 

Portland  cement  consists  of  a  calcined  mixture  of  lime  with  the  clay 
of  the  Medway  valley.  The  mass,  when  dry,  has  the  appearance  of 
Portland  stone. 

Concrete  is  a  mixture  of  hydraulic  cement  with  gravel  or  coarsely 
powdered  pebbles.  ScotVs  cement  is  lime  containing  a  small  proportion 
of  calcium  sulphate. 

Lime  is  employed  for  many  purposes,  such  as  for  manure,  for  the 
purification  of  coal  gas,  for  the  removal  of  hair  from  skins  in  tanning, 
for  sugar  refining,  etc. 

Haloid  Salts. 

(4.)  Calcium  Chloride  {G-.iCUy—Prejmration.  (L)  By  the  action 
of  HCl  on  CaCOa-  [To  purify  it  from  ferrous  compounds,  chlorine 
water  is  added  in  excess.  Milk  of  Hme  is  now  added  to  render  the 
solution  alkaline.  The  precipitate  foimed  after  heating  is  filtered  off 
(=  ferric,  mauganic,  and  aluminic  hydrates,  etc.).  Acidulate  with 
HCl.]  The  solution  is  now  evaporated  to  dryness,  when  CaClgjGHgO 
is  obtained,  which,  at  390°  F.  becomes  CaCl2,2H20,  and  above  this 
heat  CaClj.  (2.)  It  is  obtained,  as  a  by-product,  in  the  manufacture 
of  potassium  chlorate  and  of  ammonium  carbonate  (pages  35  and  371). 

Properties. — A  white,  very  deliquescent  salt,  soluble  in  absolute 
alcohol  and  in  water  (4  in  1  aq.  at  60°  F.),  the  saturated  aqueous  solution 
boiling  at  355°  F.  (179-5°  C).  Melts  at  84-2°  F.  (29°  C.)  in  its  water  of 
crystallization.  Specific  gravity  of  fused  salt,  2-205.  The  fused  salt 
absorbs  water  greedily.  Boiled  with  CaHoOe,  and  filtered  whilst  the 
solution  is  hot,  it  deposits  crystals  of  Ca2HC102,7H20.  It  absorbs 
ammonia  gas  freely,  forming  (CaClgjBNHa). 

Uses.  It  is  used  in  .the  laboratory  in  the  solid  form  as  a  desiccaut. 
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Owing,  however,  to  its  absorptive  power  for  ammonia,  it  cannot  be  used 
to  dry  this  gas.  Its  sohition  is  employed  as  a  bath  to  obtain  a  steady, 
continuous  temperature.  A  solution  containing  50  per  cent,  of  CaCIo 
lioils  at  233-6°  F.  (112°  C),  a  325  per  cent,  solution  boiling  at  356° 
(180°  C).  The  crystals  (CaCl2,6H20)  mixed  with  ice  form  a  power- 
ful freezing  mixture  [  —  67°  F.  (—55°  C.)]. 

(7.)  Calcimn  Fluoride,  ^luor  spar  (CaFg),  is  found  as  a  mineral, 
having  a  variety  of  tints  dependent  on  impurities.  It  also  occurs  in  sea 
and  other  waters,  in  the  bones  and  teeth  of  animals,  etc.  It  is  the 
source  of  all  the  fluorine  compounds.  It  phosphoresces  in  the  dark 
when  heated.  It  is  soluble  in  water  (1  in  2000  aq.  at  50°  F.),  and  fuses 
at  a  red  heat  without  decomposition.  Used  as  a  flux;  for  orna- 
iuents  ;  etc. 


(8.)  The  Calcium  Sulphides  are  mostly  soluble. 

The  monosulphide  (CaS)  may  be  prepared  by  reducing  calcium 
sulphate  with  carbon.  It  is  insoluble  in  water,  but  by  prolonged 
boiling  a  sulphhydrate,  CaSgHg,  is  formed.  Certain  higher  sulphides 
{e.g.,  CaSi  and  CaSs)  may  be  prepared  by  boiling  sulphur  in  milk 
of  lime. 

Calcium  monosulphide,  which  is  that  sulphide  that  has  been  most 
studied,  forms  one  of  the  principal  constituents  of  the  "  soda  waste  " 
of  the  alkali  works.  By  exposure  to  air,  it  becomes  calcium  thio- 
sulphate  (2CaS  +  H20  +  202  =  CaH202  +  CaS203),  which  by  the  action 
of  sodium  carbonate  is  converted  into  sodimn  thiosulphate  (see  page 
357).  Calcium  sulphide  is  luminous  in  the  dark  after  exposure  to  a 
strongly  actinic  light  (Canton's  phosphorus;  luminous  paint). 


OXY-SALTS  OF  CaLCIUM. 

(14.)  Calcium  Sulphate  (CaS04)  is  found  in  nature  as  anhydrite 
C&iiOi),  gypsum,  alabaster,  selenite,  etc.  (CaS04,  2H2O).    It  also  occurs 
■  u  the  soil  and  in  various  waters,  constituting  one  source  of  per- 
manent hardness. 

Properties. — Occurs  in  flattened  prisms  (selenite)  and  in  earthy 
masses  (gypsum).  It  is  soluble  in  water  (1  in  500  (=140  grs.  per 
^^1llon)  at  60°  F.),  its  solubility  being  diminished  by  the  presence  of 
'■alciura  and  magnesium  chlorides  in  solution,  but  increased  by  the 
l^resence  of  dilute  acids,  ammoniacal  salts,  sodium  chloride  and  thio- 
sulphate. It  is  insoluble  in  alcohol  and  in  dilute  nitric  and  hydro- 
';liloric  acids.  It  is  soluble  in  concentrated  sulphuric  acid,  the  com- 
pound (CaS04,  II2SO4)  being  formed,  which  on  dilution  with  water, 
yields  the  normal  salt  and  free  acid.  Boiled  in  a  solution  of  an  alkaline 
carbonate,  it  is  decomposed,  an  alkaline  sulphate  and  calcium  carbonate 
Ijcing  formed. 
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Uses. — Plaster  of  Paris  or  burnt  gypsum  consists  of  finely-powdered 
gypsum  calcined  at  392°  F.  (200°  C),  so  as  to  drive  ofE  its  two  mole- 
cules of  water.  When  the  calcined  mass  is  mixed  with  water,  it 
rapidly  solidifies  and  expands  (hence  its  value  for  making  casts),  re- 
combining  with  the  two  molecules  of  water  expelled  by  the  previous 
heat.  If  "  overburnt "  (that  is,  heated  above  200°  C.)  this  property 
of  recombination  with  water  is  destroyed.  By  exposure  to  air, 
plaster  of  Paris  deteriorates,  owing  to  its  absorbing  moisture.  Stucco 
is  plaster  of  Paris  mixed  with  a  solution  of  size,  whilst  various 
cements  are  formed  by  its  admixture  with  a  solution  of  alum,  borax, 
etc.,  by  which  means  the  hardness  of  the  mass,  when  set,  is  greatly 
increased.  Scagliola,  or  artificial  marbles,  are  formed  by  the  insertion 
into  the  stucco  of  pieces  of  natural  stone. 

The  "pearl  hardener"  of  the  paper-makers  is  freshly  precipitated 
calcium  sulphate. 

(15.)  Calcium  Nitrate  (Ca2N03,4H„0)  is  a  crystalline  deliquescent 
salt,  soluble  in  water  and  in  alcohol.  It  is  found  as  an  efilorescence 
on  moist  walls,  in  nitre  plantations,  and  wherever  there  is  organic 
refuse,  the  calcium  nitrate  being  formed  from  the  oxidation  of  the  am- 
monia in  the  presence  of  lime. 

(16.)  Calcium  Carbonate  (CaCO,)  may  be  prepared  by  pre- 
cipitating a  solution  of  a  calcium  salt  with  an  alkaline  carbonate,  or 
by  passing  COj  (avoiding  excess)  into  lime  water.  It  is  found 
native  in  an  uncrystallized  state  as  limestone,  chalk,  oolite,  etc.,  and 
also  in  minute  granular  crystals  (as  marble)  which  may  either  be  of  a 
pure  white  or  be  colored  with  iron  or  manganese  oxides,  or  be  black 
from  the  presence  of  bituminous  matter.  It  also  occurs  in  large  six- 
sided  crystals  as  arragonite,  and  in  rhombohedral  crystals  as  Iceland 
or  calc  spar,  etc. 

In  the  animal  kingdom  it  occurs  as  pearls,  and  forms  the  chief  con- 
stituent of  corals,  fish,  and  egg-shells.  It  enters  largely  into  the 
formation  of  bone. 

Properties.— A.  white,  crystalline  or  amorphous  body.  It  is  dimor- 
phous, crystallising  in  rhombohedra  (Sp.  gr.  2-7)  as  in  calcite,  and 
in  rhombs  (Sp.  gr.  3-2)  as  in  arragonite.  It  is  almost  insoluble  m 
pure  water  (2  grs.  in  1  gallon),  but  soluble  in  water  (as  CaHo,  2CO3) 
containing  carbonic  anhydride,  from  which  solution  CaCO.,  is  depositert 
as  the  COo  is  given  ofP.  A  saturated  carbonic  acid  water  at  oO  1!. 
will  dissolve  about  60  grains  of  CaCOa  per  gallon.  Thus  are  formed 
the  stalactites  aud  stalagmites  of  Derbyshire,  and  the  tufa  and  traver- 
tine of  volcanic  districts.  It  undergoes  decomposition  {dtssociattm) 
when  heated  in  air  (CaCO,,  =  CaO  -f  CO^),  but  may  be  raised  to  a 
white  heat  in  an  atmosphere  of  carbonic  anhydride  without  cb^^f  •  , 
is  also  decomposed  by  the  action  of  hydrochloric,  nitric,  sulphuric 
other  acids. 
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It  constitutes  one  and  the  chief  cause  of  the  temporary  hardness  of 
water — that  is,  the  hardness  removable  by  boiling  {see  p,  247).  The 
deposition  of  the  lime  and  magnesium  carbonates  in  boilers,  constitutes 
what  is  called  "furring,"  and  renders  a  water  containing  an  excess 
of  such  constituents  unsuitable  for  boiler  purposes.  The  deposition, 
however,  may,  in  a  great  measure,  be  prevented  by  the  addition  to 
the  water  of  a  little  soda  ash  or  ammonium  chloride.  In  the  latter 
case,  ammonium  carbonate  is  formed,  which  volatilises  along  with  the 
steam,  a  soluble  calcium  chloride  remaining.  Dr.  Clark  suggested 
a  plan  of  softening  hard  waters  by  adding  a  sufficient  quantity  of 
lime  to  combine  with  the  carbonic  acid  holding  the  carbonate  of  lime 
m  solution,  whereby  the  calcium  carbonate  pre-existent  in  the  water, 
together  with  that  formed  by  the  union  of  the  carbonic  acid  and  the 
added  lime,  are  precipitated  together.    (Clark's  process.) 

Calcium  carbonate  constitutes  the  basis  of  many  building  materials, 
such  as  marble,  Portland  stone,  Bath  stone,  and  magnesian  limestone 
of  which  the  Houses  of  Parliament  are  built.  The  decay  of  such 
stones  in  a  town  is  dependent  on  the  action  of  the  sulphur  acids  (pro- 
duced by  burning  coal,  etc.),  and  of  carbonic  acid,  as  well  as  on 
the  mechanical  disintegration  occasioned  by  the  expansion  of  the 
water  in  the  pores  of  the  stone  during  freezing. 

(17-18.)  Calcium  Phosphates.— The  rncaZmm phosphate  {C&^2V0^ 
occurs  native  in  osteoUte,  coprolite,  etc.  It  is  the  principal  ingredient  of 
bone-ash.  Various  calcium  phosphates  known  as  phosj^hortte,  aj)atite, 
etc.,  have  been  found  native.  CaHPO^,  2H„0  occurs  native  as  brushite. 
A  pyrophosphate  (CagPsO;)  and  metaphosphate  (Ca2P03)  are  known. 
Calcium  superphosphate  (Ca"H^,2P04)  is  formed  when  bone-earth  is 
treated  with  oil  of  vitriol. 

(20.)  Calcium  Oxalate  (CaC204,2H20)  is  a  white,  insoluble  body, 
precipitated  when  ammonium  oxalate  is  added  to  a  lime  solution.  It  is 
msoluble  in  acetic  acid,  but  is  converted  by  heat  into  calcium  carbonate 
(CaCo04  =  CaC03  +  CO). 

Calcium  Hypochlorite  (CaClgOs).— Prepared  by  passing  chlorine 
into  milk  of  lime. 

Chloride  of  Lime,  or  "  Bleaching  powder,"  is  prepared  by  passing 
Alorine  over  slaked  lime.  The  lime  absorbs  nearly  half  its  weight  of 
•blorme.  The  commercial  product  contains  20  to  35  per  cent,  of 
wailahU  chlorine  {i.e.,  of  chlorine  capable  of  being  given  ofE  when 
lie  powder  is  heated  with  sulphuric  acid  (CaClaO  +  H2S04=CaS04 
+  HgO  +  Clj.)  Formerly  this  compound  was  regarded  as  a  mixture 
<f  calcium  chloride  and  hypochlorite.    Thus — 

2CaH„02    +    2CU    =    CaClg    +     CaClgOe    +  2115,0. 
Calcic  hydrate  +  Chlorine   =  Bleaching  powder  +  Water. 

C  C 
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•   But  inasmuch  as  bleaching  powder  is  neither  deliquescent  (when 
well  made)  nor  soluble  in  alcohol  as  calcium  chloride  is,  it  is  believed 
to  be  a  definite  chemical  combination,  viz.,  a  calcium-chlorohypo 
chlorite,  Ca(C10)Cl. 

The  hypochlorite  is  decomposed  by  vs^ater,  by  heat  (oxygen  being 
evolved  and  CaClg  formed),  by  moist  air  (hypochlorous  acid  being 
evolved)  and  by  acids.  Its  solutions  evolve  oxygen  when  heated 
with  certain  metallic  hydrates.  Heated  in  a  closed  vessel,  it  decom- 
poses. 

In  employing  it  for  bleaching,  the  material  is  first  passed  through  a 
solution  of  the  bleach,  and  afterwards  into  very  dilute  hydrochloric 
or  sulphuric  acid,  hypochlorous  acid  being  by  this  means  liberated. 

Reactions  of  Lime  Compounds. 

The  salts  are  colorless  (unless  the  acid  be  colored). 
Non-luminous  Flame,  colored  yellowish  red. 

Spectrum. — Several  bands  in  green,  yellow,  and  orange,  the  one  iu 
the  green  and  the  one  in  the  orange  being  those  specially  characteristic. 
Alkaline  Carbonates. — White  ppt.  of  CaCOg. 

Sulphuric  Acid  and  Soluble  Sulphates. — White  ppt.  of  CaS04  iu 
strong  solutions,  the  precipitation  in  the  case  of  weak  solutions  only 
occurring  when  alcohol  has  been  added. 

Calcium  Srdphate. — No  precipitate. 

Ammonium  Oxalate  .—White  ppt.  of  CaCgO^,  soluble  in  HCl  and 
HNO3  ;  insoluble  in  ammonia,  in  oxalic  or  in  acetic  acids. 
Potassium  Chromate. — No  ppt.    {See  Barium,  p.  377.) 


MAGNESIUM  (Mg"). 

Atomic  weight,  2L  Specific  gravity,  1-1  Specific  heat,  0-26.  Atomicity, 
dyad  (MgClg).  Fuses  and  volatilises  at  a  red  heat. 
[Its  general  properties,  the  volatility  of  its  chloride,  the  solu- 
bility of  its  sulphate,  and  the  isomorphism  of  its  compounds  with 
those  of  zinc,  ally  it,  so  far  as  its  general  chemistry  is  concerned, 
to  zinc  rather  than  to  the  metals  of  the  earths.  We  consider  it 
here  for  convenience.] 

History. — Isolated  by  Davy  in  1808, 

Natural  History. — It  occurs  (a)  in  the  mineral  kingdom  as  mag- 
nesite  (MgCOs),  dolomite  or  magnesian  limestone  (Ca"Mg"2C03),  as 
brucite  (MgHjOg),  as  a  sulphate  in  Kieserite  and  in  Epsom  salts 
(MgS04,H20)  ;  and  as  boracite,  hydroboracite,  and  pearl  spar.  As  a 
silicate  it  is  found  in  the  form  of  mica,  asbestos,  hornblende,  ser- 
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peutine,  olivine,  steatite  (soapstone  or  French  chalk),  meerschaum,  talc 
etc.  It  occurs  iu  most  waters  as  a  carbonate  and  a  sulphate.  (J3.) 
It  is  found  in  animals  and  vegetables  in  combination  with  carbonic, 
phosphoric,  and  organic  acids. 

Preparation.— (1.)  By  the  electrolysis  of  fused  magnesium  chlo- 
ride. (Davy.) 

(2.)  By  heating  magnesium  chloride  with  metallic  potassium  or 
sodium.  (Bussy.) 

(3.)  By  fusing  a  mixture  of  magnesium  chloride  (MgClg),  sodium 
chloride  (NaCl),  calcium  fluoride  (CaFj)  (fluorspar)  and  sodium. 
The  mixture  is  to  be  stirred  with  an  iron  rod.  On  cooling,  the  mag- 
nesium forms  in  large  globules,  and  may  be  purifled  by  distillation. 

Properties— (a.)  Physical    A  white,. hard,  light,  malleable,  duc- 
tile metal,  melting  at  a  red  heat,  and  sufficiently  volatile  to  be  dis-  ' 
tilled  if  heated  in  a  hydrogen  atmosphere.     Sp.  gr.  1-743.    It  is 
insoluble  in  cold  water,  but  is  soluble  in  acidulated  water  and  in  am- 
monium chloride  (dNH^Cl  +  Mg  =2NH4Cl,MgClo  +  H2  +  2NH3). 

(/3.)  Chemical.  It  decomposes  warm,  but  not  cold,  water.  (It  is 
said  that  the  pure  metal  does  not  act  on  water  even  at  212°  F. 
(100°  C.).)  It  is  not  easily  afEected  by  dnj  air,  but  rapidly  oxidizes 
in  moist  air  at  ordinary  temperatures.  It  burns  in  air  (forming  MgO), 
the  light  evolved  being  of  great  intensity  and  highly  actinic  :— hence 
its  use  in  photography.  It  also'  burns  in  chlorine,  and  in  bromine, 
iodine,  and  sulphur  vapors.  It  combines  with  nitrogen  at  high  tem- 
peratures to  form  a  nitride  (NgMga).  Dilute  acids  dissolve  it  with  the 
evolution  of  hydrogen.  It  ignites  when  introduced  into  hydrochloric  acid 
t  gas,  but  is  not  acted  on  by  cold  nitro-sulphuric  acid.  With  solutions 
c  of  caustic  alkalies,  it  does  not  (like  zinc)  evolve  hydrogen,  MgHgOg 
unot  being  soluble  in  the  alkali.  It  reduces  acid  solutions  of  salts  of 
umany  of  the  metals,  hydrogen  gas  (or  in  the  case  of  arsenical  and 
8  antimonial  compounds  being  present,  arseniuretted  or  antimoniuretted 
'  hydrogen)  being  evolved.  With  ammonia  salts  it  evolves  hydrogen,  a 
magnesium  ammonic  salt  being  formed. 

Uses.— It  is  used  as  a  source  of  light  in  photography,  the  mag- 
nesium spectiiim  being  continuous,  and  tlie  light  of  high  actinism. 
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Compounds  of  Magnesium  (Mg  =  24). 


COMPOUNDS. 
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chloride 
hromide  . . 
iodide 
fluoride  . . 
nitride  . . 
boride  . . 
silicide  , . 
sulphide  . . 
sulphhydi-ate . . 
sulphate(Epsoni 

salts)    . . 
nitrate    . . 
carbonate 
(basic  carbo- 
nate)   . . 
borate    . . 
arsenate  . . 
hydric  arsenate 
ammonic  ar- 
senate . . 
silicates  . . 
hydiic  phos- 
phate (ortho) 
ammonic  phos- 
phate (triple 
phosphate)  . . 
pyrophosphate . 
phosphate  (or- 
tho)    . .     . . 


Formula. 


MgO 
MgH,0, 
MgCJj,6HjO 
MgBr,, 
Mgl, 
MgF, 
MgsN,. 
MgjB 
Mg  Sf 
MgS 
MgH,S, 

MgS0,,7H„0 
Mg2NO„6H,0 
MgCOa. 

3MgCn3,MgH,0,3H,0 
3Mg0,BA 
MgjAs^Og 
MgHAs0„7H20 

MgNn,As0,.6H^0 
vaiious 

HMg"P0„7H20 


Mg",(ff,N),2P0„12n,0 
Mg,P,0, 

MgaP.Og 


"^3  rja  i: 
o 


40 

95-1-108 
184 


56 


120-}-126 
148-f-108 
84 


274 
222 


Specific 
Gra^itv 
of 

Crystals. 


3-  2 
1-562 


1-660 
1-464 
3  056 


(1.)  Magnesium  Oldde,  ^J^agnesia  Calcinata  or  Usta  (MgO).  This 
is  the  ouly  oxide  of  magnesium.    It  occurs  native  as  periclase. 

Preparation. — It  may  be  prepared  by  burning  magnesium  in  air,  or 
by  igniting  magnesium  carbonate  or  nitrate  in  a  crucible  ("mag- 
nesia usta,"  "  calcined  magnesia").  It  is  a  white  and  almost  insoluble 
powder  (1  part  in  55,000  times  its  weight  of  water).  Sp.  gr.  3*07  to 
3*61.  It  fuses  in  the  oxyhydrogen  flame.  Like  lime,  baryta,  and 
strontia,  it  slakes  with  water ;  but,  unlike  them,  it  develops  no  very 
perceptible  heat  in  doing  so.  The  magnesium  hydrate  (MgHgOj) 
thus  formed,  slowly  absorbs  atmospheric  carbonic  anhydride.  The 
hydrate  forms  a  compact  mass  like  plaster  of  Paris,  and  may  be  used 
for  casts.  Magnesium  oxide,  when  placed  on  turmeric  paper  and 
moistened,  turns  the  paper  brown. 

(2.)  Magnesium  Hydrate  (MgH^Oa)  occurs  in  nature  as  brucite. 
It  may  be  prepared  as  a  white  powder  (in  addition  to  the  method 
mentioned  above),  by  precipitating  magnesium  sulphate  with  potassium 
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hydrate  (MgS04  +  2KIIO  =  KgSO^  +  MgHeOo).  It  is  insoluble  in 
water,  and  infusible  by  heat.  It  absorbs  CO2  from  the  air.  It  is  de- 
composed by  heat  into  MgO  and  HjO. 

(3.)  Magnesium  Chloride  (MgClj)  is  found  in  salt  deposits  and 
in  sea  water.  It  may  be  prepared  by  acting  on  the  metal,  its  oxide 
or  carbonate,  with  hydrochloric  acid.  On  evaporation,  the  solution 
of  MgClg  formed  is  decomposed  into  MgO  and  HCl,  but  if  ammo- 
nium chloride  be  added  to  the  solution  before  it  is  evaporated,  the 
double  salt  (MgCl2,2NH4Cl)  is  formed,  from  which  the  NH4CI  may 
he  volatilized,  leaving  the  pure  MgCU  in  a  fused  state  in  the  crucible. 

It  is  a  crystalline  deliquescent  substance,  freely  soluble  in  water  and 
in  alcohol.  It  volatilizes  at  a  red  heat.  It  combines  with  the  oxide  to 
form  various  oxychlorides.  A  paste  of  magnesia  and  magnesium  chlo- 
ride  forms  within  a  few  hours  a  mass  sufficiently  hard  to  be  polished. 

It  forms  numerous  double  compounds,  of  which  (MgCl2,KCl,6HoO) 
(carnallite),  (MgClo,  NH^Cl,  GHgO)  and  (2MgCl2,CaCl2,  12H2b), 
(tachydrite),  are  illustrations. 

(4.)  Magnesium  Bromide  (MgBr2)  and  Iodide  (Mglg)  are  found 

in  sea  water  and  in  saline  springs. 

(6.)  Magnesium  Fluoride  (MgFo)  forms  double  compounds,  of 
which  MgFojNaF  is  an  illustration. 

(7.)  Magnesium  Nitride  (Mg3N2)  may  be  produced  by  the  direct 
union  of  nitrogen  and  the  metal.  It  is  a  crystalline  body,  easily  de- 
composed by  water  (Mg3N2  +  3H20  =  2NH3  +  3MgO). 

(10.)  Maffnesium  Sulphide  (MgS)  is  prepared  by  heating  the 
metal  to  redness  in  sulphur  vapor,  or  by  passing  CSg  vapor  over  red- 
hot  MgO.    It  is  decomposed  by  water  into  MgHoOa  and  MgHgS. 

Magnesium  Sulph-hydrate  may  be  prepared  by  passing  H2S 
through  water  containing  magnesia  in  suspension. 

(12.)  Magnesium  Sulphate  {Eiisom  salts)  (MgS04,7ll20),  is 

found  in  most  waters,  but  especially  in  certain  springs  about  Epsom. 
It  occurs  in  certain  salt  beds  as  kiesei'ite. 

Preparation.— Ej  the  calcination  of  dolomite  (MgCa2C0,.,),  a  re- 
sidue is  formed  of  MgO  and  CaO.  This,  after  washing  to  extract 
^ome  of  the  Hme,  is  acted  on  with  sulphuric  acid,  whereby  MgS04 
and  CaSO^  are  formed,  the  latter  of  which,  being  insoluble,  is  preci- 
pitated. The  magnesium  sulphate  may  then  be  obtained  from  the 
'  lear  solution  by  evaporation. 

It  may  also  be  prepared  from  the  "  bittern  "  of  sea  water — that  is, 
tbe  liquor  remaining  after  the  extraction  of  the  common  salt.  It  may 
also  be  prepared  from  kieserite,  by  first  treating  it  with  water  to  dis- 
solve out  the  common  salt  present.  Lastly,  it  may  be  obtained  from 
tlie  liquor  of  the  alum  works. 

Properties.~A  white  crystalline,  slightly  efflorescent  salt  (right 
ihombic  prisms),  of  a  bitter  taste.    It  is  soluble  in  water  (1  in  3  aq.  at 
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60°  F.,  and  1  in  I'o  aq.  at  212°  F.).  At  a  heat  of  212°  F.  (100°  C.)  it 
fuses  in  its  water  of  crystallization,  becoming  MgS04,Il20.  At  about 
482°  F.  (250°  C.)  it  becomes  MgSOi,  which  at  a  red  heat  fuses  without 
decomposition.  The  seventh  molecule  of  water  (water  of  constitu- 
tion) in  the  salt  MgS04,H20  may  be  displaced  by  a  molecule  of  an 
anhydrous  alkaline  sulphate  (such  as  K2SO4),  a  double  salt  resulting 
(such  as  MgS04,K2S04,6ri20),  which  has  the  same  crystalline  form 
as  magnesuim  sulphate. 

(14.)  Magnesium  Carbonate  (M.gCOs)— Natural  History.  Found 
native  as  magnesite  and  (together  with  CaCOs)  as  dolomite. 

Freparatwn.— Boiling  solutions  of  KgCOg  and  MgCl2  are  mixed 
together,  and  the  precipitate  formed  dissolved  in  carbonic  acid  water. 
From  this  solution,  the  salt  (MgCO..„3H20)  is  deposited  as  the  carbonic 
anhydride  escapes.  A  compound  with  five  molecules  of  water  has 
been  prepared.  "Magnesia  alba  "  (3MgC03,H20,MgH202  or  possibly 
SMgCOa,  ^gHoOg,  SHoO  ?)  is  prepared  by  precipitating  a  magnesium 
sulphate  solution  with  one  of  sodium  carbonate. 

Compounds  of  the  carbonate  of  magnesia  with  carbonates  of  lime, 
potash,  and  ammonia  are  known  (e.g.,  MgCOsjKjCOjiHoO). 

(19.)  The  Magnesium  Silicates  are  numerous.  Talc  (4MgO, 
oSiO)2,  steatite  (SMgCiSiOo),  meerschaum  (2MgO,3Si02,2H20),  and 
serpentine  (MgO,2SiOo),  are  a  few  illustrations  of  its  more  common 
natural  forms. 

Phosphates. — The  orthophosphate  Mg32P04  is  found  in  bones 
and  seeds.  The  other  orthophosphates  that  have  been  prepared  are 
(MgHP04,7H20),  (MgKPO^.HgO),  (MgNaP04,9H20),  and  (MgNH 
P04,6II„0),  etc. 

(21.)  Ammonium  Magnesic   Phosphate  (Triple  Phosphate) 

(MgNH^PO^jeilgO)  is  an  important  salt,  magnesia  being  usually 
precipitated  on  analysis  in  this  form.  It  is  insoluble  in  water  contain- 
ing free  ammonia.  On  igniting  the  salt,  magnesic  pyrophosphate 
O^gs^sOi)  is  formed,  the  compound  commonly  employed  in  the 
quantitative  estimation  of  magnesia. 

Triple  phosphate  is  a  frequent  constituent  of  urinary  calculi. 

Eeactions  of  Magnesium  Compounds. 
The  salts  are  colorless  unless  the  acid  be  colored. 
Non-luminous  fiame. — No  coloration. 
Spectrum. — Lines  in  the  green. 

Alkaline  and  Barium  Hydrates. — Ppt.  (gelatinous)  of  MgHjOs, 
insoluble  in  excess.  [N.B. — No  precipitate  is  formed  in  the  cold  when 
ammonia  or  salts  of  ammonia  are  present,  because  of  the  formation  of 
ammonium  magnesic  salts.] 

Sodium  Carbonate ;  ppt.  of  a  basic  carbonate  (Ammonium  salts  pre- 
vent precipitation). 

Ammonium  Phosphate;  A.  white  ppt.  of  MgNH4P04,  insoluble  in 
aqueous  ammonia. 


CHAPTER  XV. 


THE  METALS— (continued). 
MANGANESE  (Mn). 

Atomic  weight  55.  Atomicity,  dyad  to  octad.  Dyad,  in  vianganous  com- 
2mmds  (MnO),  and  a  pseudo-triad  in  manganic  compounds,  where 
the  compound  contains  two  triad  atoms  of  manganese  in  the  molecule, 
the  dmible  atom  of  the  metal  being  therefore  sexvalent  (Mng'^'Os). 
Specific  gravity  8"0.    Melts  at  a  white  heat. 

History. —  Manganese  was  used  from  very  early  times  to  color  glass. 
The  oxide  "was  recognised  by  Scheele  in  1774,  and  the  metal  obtained 
by  Gahn  in  1780. 

Natural  History. — Manganese  is  not  found  in  a  free  state.  It 
occurs  as  an  oxide  in  hausmannite  (Mn304),  braunite  (MuoOa),  and 
pyrolusite  (Mn02),  as  a  sulphide  in  manganese  blende  (MnS),  as  a 
carbonate  in  manganese  spar  (MnCOa),  and  as  a  silicate  in  red  manganese 
ore  (MnSiOg).  It  is  found  in  the  ashes  of  plants  and  of  animals,  and 
is  a  widely  diffused  metal. 

Preparation. — (l.)  By  reducing  manganous  carbonate  with  char- 
coal. 

(2.)  By  the  electrolysis  of  an  aqueous  solution  of  manganous 
chloride. 

(3.)  By  the  action  of  sodium  on  manganous  fluoride  or  chloride. 
(4.)  By  reducing  the  oxide  with  carbon  in  a  crucible  of  caustic 
lime.    (Deville.)    (The  oxide  cannot  be  reduced  with  hydrogen.) 

Properties. — («•)  Physical.  A  greyish-white  or  reddish  metal, 
brittle,  but  so  extremely  hard  that  it  will  scratch  steel.  It  is  feebly 
.  magnetic,  and  very  difficult  to  fuse.    Sp.  gr.  8-00. 

(/3.)  Chemical.  It  is  readily  oxidized  when  exposed  to  the  air,  and 
has  to  be  preserved  under  naphtha.  It  decomposes  water  at  ordinary 
temperatures,  liberating  hydrogen.  It  has  a  great  attraction  for 
carbon.    It  is  soluble  in  dilute  acids. 

Uses. — It  is  mixed  with  iron  for  the  purpose  of  increasing 
hardness. 
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Compounds  of  Manganese  (Mu  =  55). 
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Compounds  of  Manganese  and  Oxygen. 


Manganous  oxide 
Manganic  oxide 
Trimauganese  tetroxide 
Manganese  dioxide  (peroxide) 
Manganic  anhydride  (?) 
Permanganic  anhydride  (?) 


MnO. 

MngO.,. 

Mn304. 

Mnbo. 

MnO.,. 

MnOs  and  Mn^Oj 


MnO,  MngOg,  and  MnOg  have  been  prepared 
have  never  been  isolated. 

Chemically,  it  is  to  be  noted  that — 

MnO  is  a  powerful  base. 
MugOa  is  feebly  basic. 

\  are  indifferent  oxides,  that  is,  neither  basic  nor  acid. 
MnOg  J 
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(1.)  Manganous  Oxide,  Protoxide  of  Manganese  (MnO).  Sp.  gr. 
of  the  native  oxide  o'lS  ;  of  the  artificial,  4*7  to  5*0. 

Preparation. — (1.)  Anhydroiis.  (Found  native  as  mavganosite.')  By- 
igniting  manganous  carbonate  or  the  higher  oxides  in  a  current  of 
lijdrogen. 

(2.)  As  a  hydrate  (found  native  as  pyrochroit)  (MaHgOa).  {Man- 
qanous  hydroxide).  Bj  the  addition  of  an  alkali  to  the  solution  of  a 
manganous  salt. 

Proj^erties. — Manganous  oxide  is  found  of  various  tints— olive  green, 
aark  green,  or  emerald  green,  accordingly  as  it  is  prepared.  Prepared 
at  low  temperatures,  it  rapidly  becomes  converted  mto  the  red  oxide 
\[n304).  It  is  soluble  in  a  solution  of  NH4CI  with  the  evolution 
jS^Hg,  and  in  HCl  without  the  evolution  of  CI.  Manganous  hydrate 
(MnHoOg)  is  in  the  first  instance  white,  but  rapidly  turns  brown  on 
exposure  to  air,  being  converted  into  MngOs.HgO  when  free  from 
alkali,  and  into  Mn02,H20  in  the  presence  of  an  alkali.  It  is  a 
powerful  base.  Its  salts  are  flesh-colored,  and  isomorphous  with 
ferrous  salts. 

(3.)  Manganic  Oxide,  Sesqidoxide  of  Manganese  (MugOg). 

Natural  Eistory. — Found  native  as  braunite  (MngOg),  and  as  man- 
lanite  (MnoOsjHgO). 

Preparation.—  (1.)  Anhydrous.  By  heating  any  oxide  of  manganese 
lU  oxygen,  or  by  carefully  heating  the  hydrate. 

(2.)  As  a  hydrate,  Mn„H204. — By  first  passing  chlorine  through 
water  in  which  manganous  carbonate  (MuCOg)  is  suspended,  and 
-ubsequently  removing  any  excess  of  manganous  carbonate  with 
iilute  nitric  acid. 

Properties. — A  brown  substance,  decomposed  by  heat  (SMngOg  = 
±Mn304  +  02).  It  colors  glass  violet  (amethyst).  It  is  a  weak  base, 
uid  isomorphous  with  alumina  and  ferric  oxide.  Its  salts  are  red,  and 
ire  decomposed  by  heat.  Strong  sulphuric  acid  when  heated,  decom- 
joses  It,  liberating  oxygen,  and  forming  a  manganous  sulphate  ;  dilute 
■sulphuric  acid  dissolves  it  ;  nitric  acid  decomposes  it  into  MnO  and 
MnOo,  the  acid  dissolving  the  former  oxide  ;  hydrochloric  acid  evolves 
::hlorine  when  heated  with  it. 

Manganic  hydrate  (Mn2H204)  is  a  reddish  brown  powder,  which  if 
ueated  to  redness  yields  Mn^O^.    When  heated  Avith  sulphuric  acid  to 
-12  F.  (100°  C.)   it  forms  manganic   sulphate,  no  oxygen  being 
volved.    It  is  insoluble  in  dilute  sulphuric  acid. 

(4.)  Red  Manganese  Oxide ;  Mangano-Manganic-Oxide,  Triman- 
lanic^  tetroxide  (Mn304  =MnO,Mn203)  occurs  native  as  "  hausmau- 
iiite,"  and  may  be  prepared  by  heating  any  manganese  oxide  in  the 
air.  It  IS,  in  short,  that  oxide  which,  by  the  absorption  or  giving  out 
of  oxygen,  is  formed  when  the  other  oxides  are  strongly  heated. 
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Heated  in  hydrogen,  it  becomes  MnO;  heated  in  oxygen,  it  is  con- 
verted into  MU2O3. — It  forms  a  hydrate  of  uncertain  composition. 

Mn304  is  sokible  in  HCl,  with  evolution  of  chlorine  and  the 
formation  of  MnClg  (MD304  +  8HCl=3MnCl2  + CI2  +  4H2O).  Boiled 
in  a  solution  of  ammonium  chloride,  MuO  is  dissolved,  leaving  a 
residue  of  MugOa. 

It  does  not  form  salts.  Acted  upon  with  dilute  oxy-acids,  a  man- 
ganous  salt  {i.e.,  a  salt  of  manganous  oxide)  results,  an  insoluble 
residue  of  manganese  dioxide  remaining  (Mu304  +  4HN03=Mn2N03  4- 
Mn02  +  2H20). 

Fused  borax  and  glass  dissolve  it,  acquiring  an  amethyst  color. 
(5.)  Manganese  Dioxide ;  Binoxide,  Peroxide,  or  Black  Oxide  of 
Manganese  (MnOo). 

Natural  History. — Found  native  in  a  crystalline  state  as  "  pyro- 
lusite,"  and  in  an  amorphous  form  as  "  psilomelaue."  It  occurs  as  a 
hydrate  in  "  wad"  and  "  varvicite"  (Mn„03,2Mu02,H20). 

Preparation. — (1.)  Anhydrous.  By  calcining  manganous  nitrate 
(Mn2N03  =  Mn02  +  N204). 

(2.)  As  a  hydrate,  (a.)  By  acting  on  potassium  permanganate  with 
an  acid. 

(/3.)  By  heating  Mn304  or  MugOg  with  nitric  acid, 
(y.)  By  adding  chloride  of  lime  (hypochlorite)  to  a  solution  of  a 
manganous  salt. 

Properties. — (a.)  Physical.  A  black  substance,  insoluble  in  water. 
It  is  a  good  conductor  of  electricity.  Undergoes  decomposition  in  air 
at  a  red  heat  (SMnOg  =  MuaO^  +  Oo).  Heated  in  oxygen  it  forms 
Mn203,  and  in  hydrogen  MnO. 

Chemical.  MnOg  is  an  "indifferent"  oxide,  that  is,  it  is  neither 
acid  nor  basic.  It  is  soluble  in  dilute  acids  in  the  cold  in  the  presence 
of  oxidisable  bodies  (such  as  oxalic  acid).  Heated  with  sidphuric  acid 
oxygen  is  evolved,  and  a  manganous  sulphate  formed  (2Mn02  + 
2H2S04=  2MUSO4  +  2H2O  +  O2).  With  hot  hydrochloric  acid  chlo- 
rine is  set  free,  and  MnCl2  formed.    Nitric  acid  has  no  action  upon  it. 

Hydrated  manganese  dioxide  (MnH203)  is  a  black  powder.  It 
possesses  acid  properties,  reddening  litmus,  and  expelling  COg  fro™ 
solutions  of  alkaline  carbonates.  It  forms  a  certain  class  of  com- 
pounds, called  manganites. 

Manganese  dioxide  is  employed  to  obtain  a  colorless  glass.  It  is 
largely  used  in  the  preparation  of  the  chlorine  required  in  the  manu- 
facture of  bleachiug-powder.  Inasmuch  as  MnOg  usually  contains 
iron,  the  residual  liquor  also  contains  mixed  manganous  and  ferric 
chlorides.  From  this  mixture  the  manganous  chloride  may  be  again 
converted  into  oxide  by  the  addition  of  a  little  lime,  which  precipitates 
the  i?er-chloride  of  iron  without  decomposing  the  protochloride  of 
manganese,  peroxides  being  weaker  bases  than  protoxides  (Fe8Cl6+ 
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3CaO  =  FgoOs  +  BCaClo).  The  mangauese  as  a  carbonate  might 
be  thrown  down  from  the  solution  with  chalk  (MnClo  + CaCO.j= 
MnCOs  +  CaClg).  If  this  be  roasted  at  600°  F.,  the  MnOg  will  be 
reproduced.  (Duulop.) 

Weldon's  process  for  the  regeneration  of  Manganese  Dioxide. — This  . 
process  has  for  its  purpose  the  recovery  of  the  manganese  dioxide  from 
he  waste  liquor  of  the  chlorine  retorts.  This  liquor  consists  of  an  acid 
olution  of  the  chloi'ides  of  iron  and  manganese,  together  with  other 
mpurities  (gp.  88  and  89).  Calcium  carbonate  is  first  added  to 
leutraHze  any  free  acid  and  to  precipitate  the  iron.  To  the  clear 
)lution  of  lime  and  manganese  chlorides,  milk  of  lime  is  added,  in  the 
proportion  of  1"5  mols.  of  CaHoOo  to  every  one  mol.  of  MnClg-  This  ,; 
mixture  is  now  heated  by  steam  to  about  167°  F.  (75°  C),  after  which 
air  is  blown  through  the  liquid.  The  mauganous  hydrate  (MnOjHjO), 
in  the 2iresence  of  a  basic  oxide,  is  oxidized  to  the  peroxide  (MnOg), 
which,  combining  with  the  basic  oxide,  yields  a  calcic  manganite 
(CaO,  2Mn02).  The  precipitate  produced  (manganese  mud),  consisting 
of  lime  mixed  with  from  30  to  35  per  cent,  of  MnOg,  is  collected  and 
pressed  into  a  cake,  which  is  then  used  for  the  preparation  of  fresh 
chlorine  by  acting  upon  it  with  hydrochloric  acid. 

Note. — Two  cubic  metres  of  air  are  recLuired  for  every  lib.  of  MnOj  recovered, 
the  time  occupied  in  the  process  being  at  the  rate  of  five  hours  per  ton.  About 
80  per  cent,  of  the  manganese  used  may  be  recovered  by  this  process. 

(6.)  Manganic  Acid  (HgMnO^).— The  Manganates. 

Neither  the  free  acid  nor  manganic  anhydride  is  known.  Potassium 
manganate  (mineral  chameleon)  (K2Mn04)  and  sodium  manganate 
(NooMnOJ  may  be  prepared  by  fusing  together  caustic  potash  or 
;oda  respectively,  with  manganese  dioxide.  The  solutions  when 
evaporated  in  vacuo  over  sulphuric  acid  yield  green  crystals  of  the 
manganate.  When  these  crystals  are  dissolved  in  pure  water,  or  in 
water  containing  a  trace  of  acid  (the  manganates  being  less  stable  in 
an  acid  than  in  an  alkaline  solution),  the  salts  are  decomposed,  the 
color  of  the  liquid  changing  from  green  to  red,  (due  to  the  formation  of 
potassium  or  sodium  permanganate,)  a  black  precipitate  of  manganese 
dioxide  being  thrown  down  (3K:2Mn04  +  2H20=K2Mn208  +  Mn02  + 
4KH0).  A  solution  of  sodium  manganate  constitutes  "  Gondy's  green 
disinfecting  fluid  "  the  action  of  which  depends  upon  the  ease  with 
which  the  manganates  yield  their  oxygen  to  organic  matter. 

"  Cassel  green  "  is  a  barium  manganate  (Ba"Mn04),  prepared  by 
fusing  MnOg  with  barium  nitrate,  and  extracting  the  product  with 
water. 

(7.)  Permanganic  Acid  (HgMnaOa).— The  Permanganates. 

Permanganic  acid  is  only  known  in  solution. 

Preparation  of   permanganic  anhydride  (MugO;). — (1.)   A  potas- 
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siiim  permanganate  is  formed  by  the  action  of  heat  on  an  intimate 
mixture  of  manganese  dioxide  (4  parts),  potassium  chlorate  (3*5  parts), 
and  potassium  hydrate  (5  parts),  a  potassium  manganate  being  formed, 
which  may  be  dissolved  out  of  tlie  residue  with  boiling  water.  Carbonic 
anbydride  is  then  passed  through  the  green  solution,  until  it  becomes 
red  (3K2Mn04  +  200^=  K^Mn^O^  +  2K2CO3  +  MnOo).  The  clear 
liquid  is  then  decanted  from  the  precipitate,  and  evaporated  to  a  small 
bulk,  from  which  solution  potassium  permanganate  may  be  crystallised 
(Bechamp).  By  treating  the  crystals  with  sulphuric  acid  (care  being 
taken  that  the  crystals  are  free  from  chlorine  and  the  acid  pure, 
otherwise  a  dangerous  explosion  may  occur),  permanganic  anhydride 
rises  as  a  violet  vapor,  and  may  be  condensed  to  a  dark  liquid. 

(2.)  A  solution  of  the  acid  may  also  be  prepared  by  decomposing 
barium  permanganate  with  dilute  sulphuric  acid. 

Properties. — Permanganic  anhydride  is  a  reddish  brown,  unstable,  oily 
liquid.  It  explodes  when  heated,  and  decomposes  (giving  ofi  oxygen) 
at  ordinary  temperatures.  It  is  very  hygroscopic.  Great  heat  is 
produced,  with  decomposition  of  some  of  the  oxide,  when  it  is  dis- 
solved in  water.    The  solution  is  violet-colored. 

The  ammonium  salt  (NH4)2Mn208  is  prepared  by  the  action  of 
ammonic  sulphate  on  the  barium  salt ;  the  barium  salt  (Ba"Mn208) 
by  the  action  of  COg  on  barium  manganate  ;  and  the  argentic  salt 
(AgoMugOa)  by  precipitating  a  solution  of  potassium  permanganate 
Avith  nitrate  of  silver. 

The  permanganates  are  not  so  unstable  as  the  manganates,  never- 
theless they  readily  yield  their  oxygen  to  organic  matter  {Condy's  red 
disinfecting  liquid).  Under  such  conditions  the  permanganic  acid  first 
becomes  manganic  acid,  the  manganese  being  ultimately  reduced  to 
the  state  of  hydrated  manganese  dioxide  (MnOa,  HgO). 

Potassium  permanganate  crystals  appear  red  by  transmitted,  and  dark 
green  by  reflected  light.  The  permanganates  are  isomorphous  with  the 
perchlorates.  When  heated  they  yield  oxygen,  a  manganate  being 
formed  (KgMngOs  =  K2Mn04  +  MnOg  +  Og).  Boiled  with  a  caustic 
alkali  they  also  evolve  oxygen,  becoming  manganates  (KMn^Os  + 
2KH0  =  2K2Mn04  +  HoO  +  0).  All  the  permanganates  (excepting 
the  silver  salt)  are  soluble  in  water,  their  solutions  being  of  a  red  colour. 
This  colour  is  discharged  by  sulphurous  acid,  by  neutral  solutions  of 
the  sulphides  and  pentathionates,  by  acid  solutions  of  the  sulphates, 
thio  sulphates,  arsenites,  nitrites,  etc.,  and  by  acid  solutions  of  mer- 
curous,  ferrous,  stannous,  and  antimonious  salts,  the  permanganic  acid 
being  reduced  to  the  colorless  manganous  oxide  {Mineral  Chameleon). 

(8.)  Manganous  Chloride ;  ProtoMoride  of  Manganese  (MnCls). 
Preparation.— It  is  formed  when  the  metal  is  burnt  in  chlorine,  or 
the  oxide  heated  in  dry  HCl  gas.  It  occurs  (mixed  with  ferric  chloride) 
in  the  residual  liquor  obtained  during  the  preparation  of  chlorme 
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(p.  88).  From  this  liquor  it  may  be  prepared  by  evaporating  the 
clear  filtrate  to  dryness  aud  igniting,  by  which  means  the  iron  salt  is 
either  volatilized  or  converted  by  the  remaining  water  into  an  insolu1)le 
sesquioxide.  On  treating  the  mass  thus  formed  with  water,  the 
raanganous  chloride  may  be  dissolved  out.  Another  method  for  its 
preparation  is  to  precipitate  a  part  of  the  solution  with  sodium  car- 
bonate, and  to  employ  the  manganese  carbonate  so  formed  to  precipi- 
tate the  iron  (FegCle  +  SMnCOs  +  BHoO  =  FeaHgOg  +  SMnCio  + 
3CO2). 

Properties. — A  pink,  deliquescent  salt,  soluble  in  water  and  in 
alcohol,  and  fusible  at  a  red  heat. 

(9.)  Manganic  Chloride  (MuoCle),  a  brown  substance  decomposed 
by  heat  (MnoClg  =  2MnCl2  +  Clo),  and  Manganic  Tetrachloride 
(MnCl4)  are  only  known  in  solution. 

(11.)  Manganic  Oxychloride  (MnO.iCl)  is  prepared  by  adding 
sodium  chloride  to  potassic  permanganate  dissolved  in  sulphuric  acid. 
A  brown  explosive  liquid.  It  is  decomposed  by  water  into  permanganic 
and  hydrochloric  acids,  which  by  their  mutual  action  yield  CI  and 
MnOo. 

(16.)  Manganous  Sulphide  (MnS)  occurs  native  as  "manganese 
blende." 

Preparation.— (I.)  (As  a  hydrate,  MnS,  HoO.)  By  the  action  of  an 
alkaline  sulphide  on  a  solution ,  of  a  manganous  salt.  (2.)  [Anhy- 
drous.)   By  heating  one  of  the  manganese  oxides  in  a  current  of  HgS. 

Properties. — The  hydrate  prepared  by  process  1  is  flesh-colored  aud 
amorphous,  soluble  in  dilute  acetic  and  other  acids  with  evolution  of 
HgS,  and  turns  brown  by  exposure.  The  anhydrous  sulphide  pre- 
pared by  process  2  is  a  greenish  black  powder. 

Manganous  sulphide  forms  double  compounds  with  alkaline  sulphides 
{e.g.,  K2S,3MnS). 

(17.)  Manganic  Sulphide  (MnSg)  occurs  native  in  a  crystalline 
form. 

Oxy-Salts. 

(18.)  Manganous  Carbonate  (MnCOg)  is  found  native  as  "  man- 
ganese spar."  It  may  be  prepared  as  a  hydrate  (2MnC03,H20)  by 
precipitating  MnClg  with  an  alkaline  carbonate.  It  rapidly  oxidises 
by  exposure. 

(19.)  Manganous  Sulphate  (MnSOi). 

Preparation. — Manganese  dioxide  is  treated  with  sulphuric  acid,  the 
solution  evaporated  to  dryness,  and  the  residue  ignited  in  order  to 
decompose  any  ferric  sulphate  present.  By  acting  on  this  residue  with 
water,  pure  manganese  sulphate  may  be  dissolved  out,  leaving  the  in- 
soluble ferric  oxide.  The  salt  obtained  contains  7  or  5  molecules  of 
water,  according  to  the  temperature  at  which  the  crystals  have  been 
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prepared.    At  392°  F.  (200°  C.)  the  salt  becomes  anhydrous.   It  forms 
double  sulphates  with  alkaline  sulphates. 

Properties. — A  rose-colored  soluble  salt,  used  by  the  dyer  in  produc- 
ing blacks  and  browns. 

(20.)  Manganic  Sulphate  (Mn23S04)  is  a  green  powder  pre- 
pared by  acting  on  hydrated  manganese  dioxide  with  sulphuric  acid. 
Decomposes  at  320°  F.  (160°  0.)  with  evolution  of  oxygen. 

(21.)  If  K2SO4  [or(NH4)2S04]  be  added  to  a  solution  of  manganic 
sulphate,  Manganese  Alum  is  formed  [K2S04,Mn23S04,24H20]. 
This  is  not  to  be  confounded  with  the  manganese  aluminium  alum 
(MnS04,Al23S04,24H20),  which  is  a  pseudo-alum,  where  one  of  a 
dyad  (Mn")  has  replaced  two  of  a  monad  metal  (such  as  K'),  the 
salt  possessing  a  different  crystalline  form  to  that  of  the  class  known 
as  "  alums." 

(24.)  Manganous  Nitrate  (Mu2N03,6H20)  is  prepared  by  the 
action  of  nitric  acid  on  the  carbonate.  It  undergoes  decomposition  by 
heat. 

Reactions  of  Manganese. 

Salts. — Colored. 

Spectrum. — Lines  in  green  and  yellow.  Spark  spectrum  ; — lines 
numerous. 

Fused  with  Nitre  and  Sodium  Carbonate.— A  green  mass  of  alkaline 
manganate. 

Borax  bead.— Amethyst  color  in  oxidizing  flame  ;  no  color  in  re- 
ducing flame. 

Caustic  Alkalies.— A  white  ppt.  (MnHgOa),  turning  brown. 
Ammotiia.-lm^eriect  ppt.  of  MnHgOo.     [No  ppt.  in  presence  of 
NH4CI.] 

Alkaline  Carbonates. — Ppt.  of  MnCOa- 

Ammonium  Sul2)hide.— Flesh-colored  ]^pt.  of  hydrated  sulphide,  soluble 
in  dilute  acids. 


IRON  (Fe"  =  56). 

Atomic  weight,  56.    Specific  gravitrj,  7-8.    Atomicity  dyad  ("),  as  in 
ferrous  salts  (Fe'Vl^;  Fe"S04)  and  hexad  (J^)  (i.e.,  the  double  triad 
atom  of  iron  in  the  molecules  renders  the  metal  sexvalent)  in  feme 
salts  (FcoOa). 

History. — Known  to  the  ancients. 

Natural  History.— Found  native,  together  with  Ni,  Co,  Mn,  Cu, 
etc.,  in  meteorites.  It  is  also  found  accompanying  platinum  ores. 
In  'combination  it  occurs  in  great  abundance  in  numerous  ores,  as 
follows  : — 


J 


IRON. 

Iron  Ores- 
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Ikon  Orss. 
Common  Names — Locality. 

Composition. 

Specific 
Gravity. 

Magnetic  iron  ore;  Loadstone;  Iron- sand 
(India)  

Red  haematite  (Cornwall) .  [JRed  ochre  con- 
tains clay) 

Specular  iron  ;  Fer  oligiste  ;  Iron  glance 

(Elb»,  Russia,  Sweden) 
Brown  hccmatite ;  ?ea  iron  ore ;  yellow 

ochre ;  limonite  (France) 
Spathic  iron  ore  (Saxony)  . . 
Clay  ironstone  (Great  Britain,  America)  . . 

Iron  pyrites  . . 

Siliceous  ironstone  (Northampton) 
Bog  iron  ore . . 

)  Fe,0, 
j  Fe,03 

)  21<V,03,3H,0 

FeCOg 
FeCOg,  with  clay. 
I  FeCOj,  with  bituminous 
\     matters  (iu  to  oO  per 
(  cent.) 

FeSj 
Fe^Og  and  FeCOg 
1     2Fe203,3HjO,  anda 
j       ferric  phosphate. 

5-09 

5-0 

5-2 

3-9 

3-8 
2-7  to  3-47 

The  following  table  from  Bloxam,  compiled  from  analyses  given  in 
Percy  ("  On  Iron  and  Steel ")  shows  the  composition  of  most  of  the 


English  iron  ores  : — 


In  100  parts. 


^lay  ironstone  from 
coal  measures  . , 

-lay  ironstone  from 
the  Lias 

3rown  haematite 

Red  haematite 

Spathic  ore   . . 

>Iagnetic  ore . . 


CO 

Ti-nr) 

Oxide  of 

Phosphoric 

Bisulphide 

a> 

Manganese. 

Acid. 

of  Iron. 

°  S 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

o  a 
o 

43-30 

20-95 

3-30 

0-46 

1-42 

0-07 

1-21 

77 

49-17 

17-34 

1-30 

5-05 

1-60 

12 

63-04 

11-98 

1-60 

trace 

3-17 

0-30 

•  • 

23 

69-10 

47-47 

1-13 

trace 

trace 

trace 

0-06 

•  • 

5 

49-78 

13-98 

12-64 

1-93 

0-22 

0-11 

6 

57-01 

0-14 

0-10 

0-07 

1 

Iron  as  a  silicate  is  present  in  most  rocks,  the  oxide  of  iron  im- 
parting the  red  color  to  the  soil.  It  is  an  essential  constituent  of 
chlorophyll  (the  green  coloring  matter  of  leaves)  and  of  hfemoglobin 
(the  red  coloring  matter  of  blood). 

Preparation.— In  England  iron  is  usually  manufactured  from  clay 
iron-stone. 

(a.)  The  broken  ore  is  first  roasted  or  calcined,  either  in  kihis,  like 
irae-kilns,  or  in  heaps  exposed  to  the  open  air,  whereby  water,  car- 
'omc  anhydride,  and  some  sulphur  are  driven  ofi,  and  an  impure  ferric 
oxide  obtained. 
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(j3.)  This  calcined  ore  is  now  smelted  in  the  "  blast  fwnace." 

The  iron  blast  furnace  is  a  brick  building,  some  50  or  60  feet  high, 
closed  at  the  bottom,  and  open  at  the  top  for  the  reception  of  the 
charge.  Air  is  forced  in  at  the  bottom  of  the  furnace  through  the 
aii'-pipes  or  tuyeres,  Avhereby  a  high  temperature  is  maintained.  At 
the  bottom  certain  tap-holes  are  placed,  through  which  the  melted  iron 
may  be  drawn  off,  as  well  as  other  orifices,  to  allow  for  the  overflow 
of  the  slag. , 

The  furnace  is  charged  with  layers  of  calcined  iron  ore,  coke,  and 
limestone,  fresh  layers  being  introduced  as  required. 

Prindiile  of  the  blast  furnace. — The  cohe  burns  at  the  expense  of  the 
oxygen  of  the  air  supplied  through  the  air-pipes.  The  COg  thus 
formed  passes  over  the  hot  fuel,  and  taking  up  more  carbon  becomes  CO. 
This  carbonic  oxide,  coming  into  contact  with,  the  red-hot  oxide  of 
iron,  becomes  oxidized  at  the  expense  of  the  oxygen  of  the  iron  oxide, 
leaving  the  iron  in  a  metallic  state  (zone  of  redicction).  The  heated 
iron,  as  it  sinks  in  the  furnace,  combines  with  a  little  carbon,  and  so 
forms  fusible  "  cast  iron  "  (zone  of  carburation),  which,  in  the  hottest 
part  of  the  furnace  (zone  of  fusion),  reduces  the  silica  and  the  phos- 
phates, the  iron  combining  with  the  free  silicon  and  phosphorus. 

The  limestone  (G&CO^),  when  heated,  parts  with  its  COg,  leaving  lime 
(CaO).  This  combines  with  the  infusible  clay  (silicate  of  alumina) 
and  other  impurities  in  the  melted  iron,  to  form  a  readily  fusible 
double  silicate  of  lime  and  alumina,  which,  owing  to  its  less  gravity, 
floats  on  the  surface  of  the  melted  iron,  and  constitutes,  when  cold, 
what  is  termed  "iron  slag"  [This  limestone  is  called  "a  flux""  be- 
cause it  makes  the  clay  flow  (fluo).'] 

Thus  the  melted  metal,  with  the  fused  slag  swimming  on  its  surface, 
collects  on  the  hearth  of  the  furnace.  The  slag  is  allowed  to  run  from 
openings  in  the  upper  part  of  the  hearth,  whilst  the  metal  is  draw 
off  from  below  into  sand  channels,  each  channel  of  iron  being  called 
f^apig"  ("pig-iron").    The  iron  thus  obtained  is  known  as  "cast- 


iron. 


The  gas  issuing  from  the  chimney  of  the  furnace  is  highly  inflam- 
mable and  poisonous.  The  following  represents  its  average  percentage 
composition  : — 

Nitrogen    55'35  vols. 

Carbonic  oxide         ...        25"97  „ 
Hydrogen      ...       •••         6*73  „ 
Carbonic  acid ...        ...  7*77  „ 

Marsh  gas      ...        ...  3*75  „ 

defiant  gas   0-43    „    =  lOO'OO  vols. 

The  air,  previously  to  its  being  supplied  to  the  furnace  through  the 
"tuyeres,"  is  usually  heated  to  600°  F.  (315-5°  C.)  by  the  furnace  gas. 
This  constitutes  what  is  called  the  "hot  blast."    In  this  way  a  great 
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loss  of  heat  is  prevented.  It  is  stated,  liowever,  tliat  "  hot  blast  iron  " 
is  of  inferior  quality  to  "  cold  blast  iron,"  hot  blast  iron  both  receiving 
and  retaining  a  larger  quantity  of  impurities. 

Cast  iron  (pig  iron)  contains  about  2  to  5  per  cent,  of  carbon,  but  it 
is  not  a  pure  carbide  such  as  would  be  represented  by  the  formula 
Fe^C. 


Composition  of  Cast  Iron  (Percy). 


Maximum. 

Minimum. 

Carbon 

4-81 

1'04  per  cent. 

Silicon 

4-77 

0-08  „ 

Sulphur 

1-06 

0-00  „ 

Phosphorus  . 

1-87 

trace  „ 

Manganese 

6-08 

trace  „ 

Iron  ... 

..  81-41 

98-88  „ 

There  are  several  varieties  of  cast  iron  known  in  commerce.  In 
ivhite  iron  (the  color  of  which  is  due  to  manganese),  the  carbon  exists 
in  chemical  combination  with  the  metal  (Sp.  gr.  7-53).  Spiegeleisen 
(specular  pig  iron)  is  white  iron  containing  the  highest  percentage 
(6  per  cent.)  of  combined  carbon.  In  grey  iron,  a  portion  of  the  carbon 
is  present  in  an  uncombined  state  (Sp.  gr.  6*92).  Mottled  iron  is  an 
intermediate  variety  between  white  and  grey  iron.  Cast  iron  fuses  at 
about  3000°  F.  (1648-8°  0.).  It  is  hard,  non-elastic,  and  brittle.  It 
cannot  be  welded. 

Wrought  iron. — Cast  iron  is  changed  into  wrought  iron  by  the  pro- 
cesses of  "refining  "  and  "puddling."  It  contains  from  0-15  to  O'o  per 
cent,  of  carbon. 

Refining  is  for  the  purpose  of  effecting  the  removal  from  the  iron  of 
the  carbon,  silicon,  sulphur,  and  phosphorus.  The  melted  metal  is 
subjected  to  the  action  of  a  current  of  air,  whereby  the  silicon  and  a 
part  of  the  carbon  become  oxidised.  The  silica  thus  formed  unites 
with  the  oxide  of  iron  produced  simultaneously,  to  form  a  fusible  slag. 

Puddling. — The  puddling  furnace  is  a  reverberatory  furnace  ;  its 
use  is  rendered  necessary  by  the  circumstance  that  the  metal  becomes 
less  fusible  as  it  approaches  purity.  The  fused  metal  is  well  stirred 
or  "puddled,"  so  that  the  oxidation  of  the  impurities  may  be  effected 
by  their  actual  contact  with  oxide  of  iron.  The  metal  is  then  well 
hammered,  in  order  to  squeeze  out  the  liquid  slag.  This  hammered 
mass  constitutes  wrought  iron. 

The  "Bessemer  process"  Avas  invented  to  save  the  great  manual  labor 
involved  in  ordinary  puddling  operations.  It  consists  in  burning 
out  the  carbon  and  silicon  with  an  air  blast  {"converters"),  and  then 
supplying  the  necessary  amount  of  carbon  by  the  addition  of  sufficient 
cast  iron  (spiegel-eisen)  of  known  composition  to  convert  the  whole 
into  steel. 

D  D 
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Wrotcght  iron  is  soft,  elastic,  malleable  and  ductile.  It  is  very 
difficult  to  melt,  but  is  capable  of  being  welded.    It  is  magnetic. 

Steel  is  prepared  by  imbedding  bars  of  wrought  iron  in  charcoal 
and  heating  them  for  several  days  at  2000°  F.  (1093-3°  C.)  (Cementa- 
tion). From  the  fibrous  structure  peculiar  to  wrought  iron,  the  metal 
gradually  assumes  the  granular  structure  of  steel.  This  change  is 
due  to  the  iron  throughout  the  mass  combining  with  about  1  per  cent, 
(from  0-6  to  2-0  per  cent.)  of  carbon.  The  transference  of  this 
carbon  is  believed  to  be  effected  by  the  formation  in  the  first  instance 
of  carbonic  oxide,  half  of  the  carbon  of  which  is  taken  up  by  the 
iron  (200=000  +  0),  the  OOg  formed  becoming  again  converted  into 
CO  by  combining  with  more  carbon.  Graham  has  shown  that  iron 
has  the  power  of  absorbing  or  "occludiug"  six  or  eight  times  its 
volume  of  carbonic  oxide. 

The  unevenness  of  the  blistered  steel  thus  formed  is  remedied  by 
hammering,  whereby  shear  steel  is  produced.  When  this  is  heated  to 
redness,  and  suddenly  cooled  by  dipping  into  water  or  oil,  the  steel 
is  rendered  very  hard,  brittle  and  elastic,  its  volume  being  slightly 
increased.  By  a  process  of  tempering  (that  is,  re-heating  and  cooling), 
the  steel  is  prepared  for  the  various  purposes  for  which  it  may  be 
required,  the  temper  of  the  metal  depending  on  the  temperature  at 
which  it  is  dipped,  and  the  rapidity  Avith  which  it  is  cooled.  Heated  to 
430°  F.  (221°  0.),  and  cooled  slowly  (called  tempering  to  the  yellow), 
the  steel  becomes  very  hard,  such  as  is  required  for  knives,  etc.  ;  but 
if  heated  to  550°  F,  (287*8°  0.)  and  then  cooled  (called  temi^ring  to 
the  blue),  it  becomes  highly  elastic,  a  condition  required  for  watch- 
springs,  etc. 

Case  hardening,  i.e.,  the  conversion  of  the  surface  of  soft  iron  articles 
into  steel,  is  effected  by  first  heating  them  in  contact  with  bone-dust 
or  other  substance  containing  carbon,  and  afterwards  cooling  the  metal 
by  dipping  it  into  water. 

Steel,  unlike  iron,  retains  magnetism.  Hence  it  is  used  in  the  manu- 
facture of  permanent  magnets.  A  steel  blade  may  be  known  from  an 
iron  blade  by  placing  upon  it  a  drop  of  dilute  nitric  acid.  A  dark 
stain,  from  the  separation  of  carbon,  will  be  produced  on  the  face  of 
the  blade  if  made  of  steel,  whilst  a  green  stain  will  result  in  the  case 
of  the  iron  blade. 

Impurities. — These  are  carbon  (0*2  to  0*5  per  cent.)  (the  presence 
of  which  increases  the  hardness  of  the  iron),  silicon,  sulphur,  phos- 
phorus  and  arsenic.  The  iron  is  injuriously  affected  by  the  presence  of 
the  last  four  bodies. 

Properties. — («•)  Physical.  Pure  iron  is  soft,  of  a  silvery  white 
color,  and  takes  a  high  polish.  Bar  iron  is  a  hard,  grey,  lustrous 
metal.  Iron  has  no  smell  unless  it  be  rubbed.  Its  texture  is 
fibrous.     Its  specific  gravity  is  about  7*7.     When  heated  it  first 
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becomes  pasty,  and  in  this  condition  may  be  welded.*  At  a  high 
temperature  it  may  be  fused.  At  a  red  beat  it  is  both  ductile  and  malle- 
able. It  expands  slightly  during  the  process  of  cooling.  Compared 
with  other  metals  its  tenacity  is  enormous,  but  its  conductivity  for 
heat  and  electricity  is  comparatively  small.  It  is,  in  common  with 
nickel  and  cobalt  but  in  a  far  higher  degree  than  these  metals,  re- 
markably magnetic.  A  red  heat,  however,  destroys  its  magnetism, 
although  it  recovers  it  again  on  cooling.  Its  magnetism,  however,  is 
not  permanent,  unless  the  iron  be  combined  with  carbon  as  in  steel,,  or 
with  oxygen  as  Fe304,  or  with  sulphur  as  Fe.^S^  or  Fe7S8.  Com- 
bined with  oxygen  or  sulphur  in  proportions  other  than  these,  the 
metal  is  not  magnetic  at  all. 

(/3.)  Chemical.  Action  of  Air  and  Oxygen. — Heated  in  air  iron  becomes 
coated  with  scales  of  Fej04  (smithy  scales).  Dry  air  has  very  little 
action  on  polished  iron,  but  the  metal  rapidly  rusts  in  moist  air,  forming 
2Fe20j,3H20.  The  presence  of  carbonic  anhydride  expedites  the 
rusting  process  by  the  formation  of  a  carbonate  of  iron  (Fe  +  HgO-f- 
C02=FeC03  +  H2),  which  is  soluble  in  water  containing  COg,  but  is 
precipitated  from  solution  by  the  absorption  of  oxygen  (4FeCQ^+ 
02=2Fe,03+4C02).  Once  started,  the  rusting  process  proceeds 
rapidly,  owing  to  the  hygroscopicity  of  the  iron  oxide.  Eust  always 
contains  ammonia,  formed  by  direct  union  of  the  nascent  hydrogen 
with  atmospheric  nitrogen.  The  contact  of  a  nail  with  a  wet  cloth 
causes  a  diffused  iron-mould  stain,  due  to  the  formation  of  the  car- 
bonate of  iron.  Similarly  the  black  streaks  produced  a  short  time 
after  iron  nails  have  been  driven  into  an  oak  fence,  are  due  to  the 
action  of  the  tannic  acid  of  the  oak  on  the  solution  of  the  carbonate  of 
iron  formed  in  the  manner  already  indicated.  When  heated  to  a  high 
temperature,  iron  burns  in  oxygen  brilliantly,  throwing  out  numerous 
scintillations,  Fe^O^  being  formed.  It  burns  in  sulphur  vapor.  It 
combines  with  carbon  at  a  high  temperature  to  form  a  carbide  of  iron 
(Fe^C).  In  a  state  of  minute  subdivision,  the  metal  fires  on  mere  ex- 
posure to  air. 

Chlorine,  bromine,  and  iodine,  in  the  presence  of  water,  combine 
rapidly  with  iron  at  ordinary  temperatures. 

Action  of  Water. — Iron  is  not  acted  on  by  water,  when  the  water  is 
free  from  air,  but  it  is  rapidly  attacked  by  common  water  containing 
dissolved  air,  more  especially  if  the  water  be  exposed  to  air  at  the  time 
of  its  contact  with  the  iron.  {For  the  action,  see  above.)  The  presence 
of  ca  free  alkali,  or  of  an  alkaline  earth,  or  of  an  alkaline  carbonate, 
mterferes  with  this  action.  At  a  red  heat,  iron  decomposes  water 
(4H2O  -h  3Fe  =  Fe504+  4H2). 

*  In  "  welding,"  the  two  pieces  of  pasty  metal  are  jdrst  covered  with  sand.  This 
acts  as  a  flux  to  the  oxide,  thus  enabling  two  absolutely  clean  surfaces  to  be  brought 
into  contact.  The  slag  of  silica  and  oxide  of  iron  formed  is  forced  out  by  the 
hammering. 
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Action  of  Acids. — Hot  or  cold  concentrated  sulphuric  acid  has  a 
slight  action  on  iron,  SO.  heing  liberated.    Dilute  sulphuric  acid  acts 
rapidly,  evolving  hydrogen.     Ordinary  nitric  acid  acts  energetically 
upon  the  metal,  NO  being  evolved.    If,  however,  the  iron  be  first 
dipped  in  a  nitric  acid  of  specific  gravity  1-45,  which  has  no  action  upon 
it,  and  then,  without  being  wiped,  be  placed  in  dilute  nitric  acid,  the 
latter  will  be  found  to  have  no  action  on  the  metal.    A  similar  change 
in  iron  may  also  be  effected  by  touching  it,  when  immersed  in  a 
nitric  acid  of  specific  gravity  I'So,  with  a  piece  of  gold  or  platinum, 
the  previously  energetic  action  of  the  acid  instantly  ceasing  {passive 
iron).    Passive  iron  does  not  precipitate  copper  from  its  solutions, 
although  a  minute  scratch  will  render  the  iron  active  in  this  respect. 
This  passive  condition  depends  on  the  deposition  of  a  thin  film  of 
Fe304  on  the  surface  of  the  metal.  Hydrochloric  acid  acts  freely  on  the 
metal,  hydrogen  being  set  free.    Carbonic  acid,  dissolved  in  water 
freed  from  air,  also  rapidly  attacks  iron,  with  the  evolution  of  hydrogen. 
Thus,  in  most  chalybeate  waters  the  iron  exists  as  a  ferrous  carbonate 
dissolved  in  a  water  containing  COj,  a  deposit  of  oxide  being  thrown 
down  when  the  water  is  freely  exposed  to  the  action  of  the  air. 

Compounds  of  Iron  (Fe=o6).   


COMPOUNDS. 


9 
10 

11 

12 

13 

14 
15 


/  FeiTous  oxide  

Ferrous  hydrate    . . 

Feme  oxide  

Ferric  hydrate 
,|  j  Magnetic  oxide  of  iron. . 

\  Hydrated  magnetic  oxide 
^  I  Feriic  anhydride  (hypo- 

I  tletical)   

I  Ferric  acid  (hypotheti- 
V  cal)   

2,  ^  \  Ferrous  chloride 
^  .'^  I  Ferric  chloride   . .     . . 

(Bromides  and  Fluorides  \ 
similar  to  Chlorides)  . .  j 
Ferrous  iodide 

Nitrides  of  iron     . .     . .  | 

Ferrous  sulphide    . .     . . 
Ferric  disulphide  (bisul- 
phide)   


16 


Other  sulphides 


Common 
Formula. 

a  0  g 

5  ,C|  T3  ^5 

Specific 
Gravity  of 
Crystals. 

Fe 
per 
cent. 

FeO 
FcHjO, 
FeH«0« 
Fe,HA 
Fe30,or(FeU,Fe,03) 
Fe^O^H.O 

72 
90 
160 

232 
250 

4.5  to  6-5 
5-0 

70-0 
72-41 

Fe03 

HjFeO< 

FeClj 
Fe.Cl^ 

FeBrj  and  Fe^Brg 
FeF.j  and  Fe^Fg 
FeI„4HjO 
Fe.Nj 
FcjN 
FeS 

122 

127  j 

325  j 

310 
252 
I82 
88 

2-528; 
Crystals, 

1-  926 

2-  873 
4-8 

45-90 

(  44-09 
)  34-36 

18-06 

63-63 

FeS, 
Fe,S,  (?) 
FejSg 
HjFejS^ 
(Sulpho-ferric  acid 
hypothetical 

120 
176 
208 

4-98 

46-66 

FejS, 

Fe,S8 
FeSAs  (Mispickel) 

296 

648 

4-65 
6.13 

1 

1 
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COMPOIJiNrDS. 

Common 
Formula. 

Molecular 
Weight  of 
Anhydrous 
Salt. 

Specific 
Gravity  of 
Crystals. 

Fe 
per 
cent. 

17 
18 

1 

1— ( 
3 

73 

1  Ferrous  sulphate 
^  1  Ferric  sulphate  , .     . , 

FeS0.,7H,0 
Fe"'23SO^ 

152+126 
400 

1-857 

28-00 

19 

CO 

o 
-*-> 
=5 

I  Ferrous  nitrate     . . 

Fe2N03,6H,0 

180  +  108 

31-11 

•20 

Nitr 

Fe"'26N03 

484 

21 

22 
23 
2-1 
25 
26 

Fen-ous  carbonate  . , 
Ferrous  phosphate.. 
Fen  ic  phosphate  .. 
Ferrous  oxalate 
Fen-ous  silicate 

FeCO, 

FejPjOgSHjO 
FePO„2H20 
2FeC,04.3H.,0 
Fe.SiO,  " 
K2SO^Fe23SO^,24H90 

116 

302 
144 

3-8 

37-  08 

38-  88 

Compounds  of  Ikon  with  Oxygen. 


1.  Ferrous  oxide    ...        ...       ...        ...  FeO. 

2.  Ferrous  hydrate    FeHgOo. 

3.  Ferric  oxide    FegOg. 

4.  Ferric  hydrate   ...  FesHgOg. 

5.  Magnetic  or  black  oxide  of  iron         ...  FcgO^. 

6.  Hydrated  magnetic  oxide    Fe304,  HgO. 

7.  Ferric  anhydride    FeOg. 

8.  Ferric  acid    B^FeOi. 

(1,  2.)  Ferrous  0:KiAe-— Protoxide  of  iron  (FeO).  This  body  is 
ahuost  unknown  in  the  free  state. 

Preparation.— (I.)  (Anhydrous.)  By  heating  FsoOj  to  redness  in  a 
current  of  hydrogen.  (2.)  (As  a  hydrate,  FeU^O^,  hjdrated  protoxide 
of  iron.)  By  precipitating  a  sohitiou  of  a  ferrous  salt  with  an 
alkali,  care  being  taken  that  the  water  in  which  the  ferrous  salt 
is  dissolved  is  entirely  free  from  air. 

Properties. — FeO  is  a  black  and  spontaneously  inflammable  powder. 
By  combustion  it  yields  FcnOg.  The  white  hydrated  ferrous  oxide 
rapidly  absorbs  oxygen  from  the  air,  becoming  the  hydrate  of  ferric 
oxide  (FejOajSHoO).  It  is  a  powerful  base,  forming  ferrous  salts 
(protosalts  of  iron),  in  which  the  iron  is  bivalent.  These  salts  are 
of  a  green  color,  and  rapidly  oxidize  when  exposed  to  the  air. 
The  oxide  is  used  to  stain  glass  a  green  color.  It  absorbs  COo, 
heat  being  produced  during  combination.  Soluble  in  150,000  of 
water,  the  solution  being  alkaline. 

(3,  4.)  Ferric  Oxide  (Fe^O,). 

Sijnonyms. — Red  oxide :  Sesquioxide  or  peroxide  of  iron ;  colcothar  ; 
jewellers'  rouge;  (obtained  as  a  bye-product  in  the  production  of 
fuming  sulphuric  acid);   Venetian  red;  crocus  of  Mars,  cic. 
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History. — It  is  found  native  as  hcematite,  specular  iron  ore,  blood- 
stone, etc. 

Preparation. — (1.)  {AnhydroiLS.)  By  the  ignition  of  ferrous  sulphate 
(2FeS04=Fe^03  +  SO2  +  SO,)- 

(2.)  {As  a  hydrate,  FegOajSHoO  =  FegHgOg,  iron  rust.)    By  acting 
on  a  solution  of  ferric  chloride  with  an  excess  of  ammonia. 

Properties. — Ferric  oxide  is  a  dark  red  powder,  insoluble  in  water, 
although  what  is  called  "  dialysed  iron  "  (formed  by  dissolving  ferric 
hydrate  in  ferric  chloride  and  dialysing),  is  practically  ferric  oxide  dis- 
solved in  water.  In  this  condition,  however,  it  undergoes  rapid  con- 
version into  ferric  hydrate  and  water.  The  hydrate  is  sohible  in 
acids.  When  air-dried,  it  undergoes  partial  dehydration.  Heated  to 
608°  F.  (320°  C.)  it  forms  FejOg.  If  in  this  condition  it  be  heated  to 
redness,  it  exhibits  a  sudden  glow,  and  contracts  in  bulk,  and,  notwith- 
standing that  its  composition  remains  unaltered  (the  change  being 
molecular),  it  will  be  found  to  have  become  insoluble  in  acids. 
By  heating  to  whiteness  oxygen  is  evolved,  and  a  magnetic  oxide 
formed  (3Fe203=2Fe304  +  0).  With  acids  it  forms  ferric  salts 
(persalts  of  iron),  in  each  molecule  of  which  are  two  atoms  of 
triad  iron.  Ferric  salts  are  non-crystalline  and  deliquescent,  of  a 
reddish  colour,  having  an  astringent  taste  and  an  acid  reaction. 

Like  alumina,  with  which  it  is  isoraorphous,  it  can,  although  in  a 
lesser  degree,  act  the  part  of  a  feeble  acid  to  strong  bases,  as  e.g.,  in 
the  compound  4CaO,Fe203. 

Z7ses.  — Ferric  oxide  is  found  in  all  soils.    It  serves  as  a  carrier  of 
air  to  organic  matter,  whereby  CO2  is  prepared  for  the  plant.  The 
ferrous  oxide  thus  formed  is  again  oxidized  to  ferric  oxide,  and  so 
fitted  once  more  to  perform  the  same  process.    The  hydrated  ferric 
oxide  is  largely  used  as  a  material  for  purifying  coal-gas  from  sul- 
phuretted hydrogen  ((Fe203,H20)  +  3H,S=(Fe2S3,H20)  +  SHgO).  The 
hydrated  ferric  sulphide  formed  is  oxidized  ("revivified")  by  exposure 
to  air,  considerable  heat  accompanying  the  process  (2(Fe2S3,H20) +  3O2 
=2(Fe203,H20)-|-3S2).    The  ferric  oxide  thus  reproduced  may  be 
employed  again  and  again  until  the  free  sulphur  formed  has  ac- 
cumulated in  such  quantity  that  it  impairs  the  power  of  the  oxide 
to  absorb  the  gas. 

(5,  6.)  Magnetic  Oxide  of  Iron.— Slack  oxide  ferroso ferric 
oxide  (FcgO^  or  FeO,Fe203).  The  latter  formula  for  this  compound 
is  believed  to  be  the  correct  one,  minerals  being  known  having  the 
same  crystalline  form,  where  the  iron  is  displaced  by  other  metals, 
e.g.,  spinelle  (MgO,Al203).  It  occurs  native  as  loadstone,  magnetite, 
etc.,  and  is  the  chief  constituent  of  the  black  scales  falling  from  the 
anvil  during  the  working  of  wrought  iron. 

Preparation.— {I. )  {Anhydrous.)  (a.)  By  burning  iron  in  oxygen  {smithy, 
scales).    {(3.)  By  passing  steam  or  COo  over  hot  iron  filings  (H  or 
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CO  being  liberated),  (y.)  By  boiling  freshly  precipitated  hydrated 
ferric  oxide  in  water,  together  with  an  excess  of  iron  turnings. 

(2.)  (As  a  hydrate.  Hydrated  magnetic  oxide;  ferroso-ferric  hydrate; 
Fe304,  HgO).  By  adding  ammonia  to  a  mixed  solution  of  equivalent 
parts  of  ferrous  and  ferric  sulphates,  and  boiling. 

Properties. — The  black  oxide  is  fusible  at  high  temperatures.  It  is 
soluble  in  nitric  and  in  hydrochloric  acids.  It  does  not  form  definite 
compounds  with  acids,  but  simply  mixtures  of  ferrous  and  ferric  salts. 

(7,  8.)  Ferric  Acid  (H^FeO^).— The  Ferrates. 

Neither  ferric  anhydride  nor  ferric  acid  have  been  prepared,  being 
only  known  in  combination  as  ferrates.  A  potassium  ferrate  solution 
(KjFeO^)  may  be  prepared  either  by  dissolving  au  ignited  mixture  of 
ferric  oxide  and  nitre  in  water,  or  by  passing  chlorine  throngh  a  solution 
of  potash  (30  parts  of  KHO  in  50  parts  of  HgO)  in  which  one  part  of 
freshly-precipitated  hydrated  ferric  oxide  is  suspended  (FegOajSHgO  + 
SClg+lOKHO  =6KCH-2K2Fe04  +  8H20).  This  potassium  salt  is 
very  soluble  in  water,  but  insoluble  in  a  strong  potash  solution.  Its 
aqueous  solution  has  a  fine  purple  color.  It  rapidly  decomposes 
(2K2Fe04  =2K20+Fe203-|-30),  oxygen  being  evolved  and  ferric 
oxide  precipitated.  The  presence  of  organic  matter,  or  the  application 
of  heat,  or  the  addition  of  an  acid  decomposes  it  immediately. 

A  sodium  ferrate  (NaoFeO^)  and  a  barium .  ferrate  (BaFe04)  have 
been  prepared. 

Compounds  of  Iron  and  Chlorine. 
9.  Ferrous  chloride        ...        ...        ...  FeClo. 

10.  Ferric  chloride    FcgClf,. 

(9.)  Ferrous  Chloride,  ProtoMoride  of  Iron  (FeClo). 

Preparation.— {I.)  {Anhydrous.)  (a.)  By  passing  dry  hydrochloric 
acid  gas  over  red-hot  iron  (Fe  +  2HC1  =  FeClg  +  Hg). 

(fi.)  By  heating  ferric  chloride  in  hydrogen  (Fe2Cl6-^  2FeCL,-t- 
2HC1). 

(2.)  (As  a  hydrate;  crystals  =  FeClg,  ilLO.)  By  dissolving  iron  in 
hydrochloric  acid,  and  evaporating  with  exclusion  of  air. 

Properties. — The  crystals  are  six-sided  and  deliquescent,  of  a  green 
color,  and  very  soluble  in  water  and  in  alcohol.  The  salt  rapidly 
oxidizes,  even  by  mere  exposure  to  air.  When  heated  in  air,  it  is 
decomposed  (6FeCl2-l-30  =  Fe2Cl6  +  Fe203).  The  solution  rapidly 
dissolves  nitric  oxide. 

(10.)  Ferric  Chloride ;  Perchhride;  Sesquichloride  (FegCle). 

Preparation.— {I. )  {Anhydrous,  FejClg.)  (a.)  By  passing  a  current 
of  chlorine  over  red-hot  iron.  (/3.)  By  heating  ferrous  chloride  in 
chlorine. 

(2.)  (As  a  hydrate,  FeaClg.eHoO.)  (a.)  By  dissolving  ferric  oxide  in 
hydrochloric  acid,  or  the  metal  in  aqua  regia. 
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(j3.)  By  passing  chlorine  tlirough  a  solution  of  feiTOus  chloride. 

Properties. — The  anhydrous  chloride  is  very  deliquescent.  It  fuses 
and  is  volatile.  It  absorbs  ammonia,  forming  (Fe2Cl6,2NH3).  It  dis- 
solves in  alcohol  and  ether,  and  rapidly  combines  with  water,  forming 
a  red  solution.  Heated  Avith  oxygen,  it  yields  chlorine  and  ferric  oxide, 
and  with  steam,  ferric  oxide  and  hydrochloric  acid.  The  hydrate  is  a 
red  crystalline  body,  decomposed  by  heat  into  FogOs  (or  perhaps  an 
oxychloride)  and  HCl.  Hence  the  anhydrous  chloride  cannot  be  pre- 
pared from  the  hydrate.  It  forms  double  salts  with  alkaline  chlorides, 
such  as  the  garnet-like  crystals  of  Fe2Cl6,4KCl,2H20. 

Uses. — In  solution  it  is  used  as  a  disinfectant,  on  account  of  the  ease 
with  which  it  yields  chlorine  to  organic  matter,  itself  being  reduced 
to  ferrous  chloride.  It  is  used  in  medicine  and  in  the  laboratory.  Its 
solution  freely  dissolves  freshly  precipitated  ferric  hydrate,  forming 
ferric  oxychloride. 

Ferric  Bromide  and  Fluoride  have  been  prepared.  Ferric 

Iodide  lias  not  been  prepared. 

(11.)  Ferrous  Bromide  (FeBrj)  is  formed  Avhen  bromine  vapour 
is  passed  over  red  hot  iron  fiUugs.  FerrOUS  Fluoride  (FeFg)  may 
be  prepared  by  dissolving  iron  in  hydrofluoric  acid. 

(12.)  Ferrous  Iodide  (Fel^). 

Preparation. — By  digesting  iron  and  iodine  in  water. 

Properties. — It  decomposes  by  exposure  to  air.  Hence  it  is  com- 
monly prescribed  in  medicine  in  the  form  of  a  syrup,  by  which  means 
its  oxidation  is  retarded. 

(14.)  Ferrous  Sulphide  ;  Protosulphide  or  SidpMde  of  Iron  (FeS). 

Preparation. — (1.)  {Anhydrous.)  By  direct  union  of  sulphur  with 
iron  at  a  high  temperature. 

(2.)  (As  a  hydrate.)  By  precipitating  a  ferrous  salt  with  an  alkaline 
sulph-hydrate  (2KHS  +  FeS04  +  H20=FeS,H20  +  H2S  +  K2S04). 

Properties. — The  anhydrous  sulphide  is  insoluble  in  water  and  in 
alkalies,  but  is  soluble  in  dilute  sulphuric  and  hydrochloric  acids, 
HgS  being  evolved.  Heated  in  vacuo,  no  sulphur  is  evolved  even  at 
a  white  heat.  When  heated  in  the  air  it  first  becomes  FeS04,  this 
compound  being  itself  decomposed  at  a  higher  temperature,  yielding  a 
residue  of  FegOa.  The  hydrate  rapidly  absorbs  oxygen  when  exposed 
to  the  air,  forming  the  red  ferric  oxide  and  free  sulphur. 

(15.)  Ferric  Bisulphide  (FeS2)  is  found  native  in  all  rocks 
as  iron  pyrites  {mundic),  and  is  probably  formed  by  the  deoxidation 
of  ferrous  sulphate  by  organic  matter.  Specific  gravity,  5- 185.  A 
white  iron  pyrites  (jnarcasite)  is  also  found  in  nature. 

Preparation.— heating  iron  with  excess  of  sulphur  at  a  tem- 
perature below  redness. 

Properties. — By  exposure  to  air  some  varieties  (such  as  marcasitc, 
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Specific  gravity,  4*8)  rapidly  absorb  oxygen,  forming  ferrons  sulphate. 
Ferric  disulphide  is  a  liard  body  not  attracted  by  tlie  magnet.  It 
is  not  acted  on  eitlier  by  cold  sulphuric  or  hydrochloric  acids.  Hot 
sulphuric  acid  dissolves  it  with  evolution  of  SOg  ;  hot  nitric  acid 
oxidizes  and  slowly  dissolves  it.  By  the  action  of  heat  upon  it 
•sulphur  is  driven  off,  and  Fe3S4  formed.  On  account  of  this  property, 
iron  pyrites  is  largely  used  in  the  manufacture  of  sulphuric  acid. 
(  See  page  181.) 

(16.)  Ferric  Sulphide  (Fe^Sg)  is  formed  by  heating  iron  with  its 
own  weight  of  sulphur. 

Certain  salts  have  been  prepared,  called  sulpho-ferrites,  of  which 
112^6284  is  an  example. 

The  sulphide  Fe^Sg  occurs  native  as  magnetic  pyrites. 

Iron  Oxy-Salts. 

(17.)  Ferrous  ^vl^'hdXQ—Protosulphale  of  iron ;  copperas ;  green 
ritriol;  iron  vitriol  (FeS04). 

Preparation. — (1.)  By  acting  on  iron  with  dilute  sulphuric  acid  and 
crystallizing  (FeS04,7H20).  [Other  hydrates  of  FeS04  have  also 
been  obtained.] 

(2.)  By  the  oxidation  of  iron  pyrites  (FeSg)  by  exposure  to  air 
aud  moisture.    {See  above.) 

(3.)  By  the  action  of  a  copper  sulphate  solution  on  scrap  iron. 

Properties. — A  green,  dimorphous  (rhomboids  and  oblique  prisms), 
efflorescent  salt  (FeS04,7H20),  soluble  in  alcohol  and  in  water  (1  in 
2  aq.  at  60°  F.  ;  3-7  in  1  aq.  at  194°  F.  ;  3-3  in  1  aq.  at  212°  F.).  At 
212°F.  (100°  C.)  FeS04,7H20  becomes  FeS04,H20.  At  oOO°F. 
.260°  C.)  it  becomes  FeS04.  At  a  red  heat  the  salt  undergoes  de 
composition  (2FeS04=Fe203  +  S02  +  S03).  The  preparation  of  Nord- 
hausen  sulphuric  acid  from  ferrous  sulphate,  depends  on  the  circum- 
■'tance  that  it  is  practically  impossible  to  render  the  sulphate  in  large 
bulk  perfectly  anhydrous,  and  that  therefore  the  little  water  remaining 
in  the  salt  distils  over  along  with  the  SO3.  The  residue  (Fe^Os)  left 
u  the  retort  when  the  process  is  complete  is  called  colcothar. 

By  exposing  a  solution  of  the  salt  to  air,  a  brown  liquid  results, 
Ine  to  the  formation  of  a  normal  and  a  basic  ferric  sulphate,  the  former 
leraaining  in  solution,  whilst  the  latter  is  precipitated  (10FeSO4  +  Og 
=3(Fe203,3S03)  +  2Fe203,S03).  A  similar  result  occurs  by  the  ex- 
posure of  the  solid  crystals  to  air,  especially  if  the  air  be  moist.  The 
iqueous  solution  of  the  salt  rapidly  absorbs  nitric  oxide.  It  forms 
double  salts  with  alkaline  sulphates,  isomorphous  with  their  com- 
pounds with  magnesium  salts  ((NH4)2Fe2S046H20). 

Uses. — In  the  laboratory,  as  a  reducing  agent,  e.  g.,  to  precipitate 
iietallic  gold  from  its  solutions.  In  the  arts,  in  the  manufacture  of 
I'lack  dyea,  ink,  &c.,  by  the  action  of  tannic  acid  upon  it. 
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(18-)  Ferric  Sulphate-  —  Persulphate  or  sesqvisulphate  of  iron 
(Fe"'o3S04),  is  found  native  in  Chili,  as  coquimbite  (Fe23S04,9H20). 

Preparation. —  [Several  sulphates  of  ferric  oxide  are  known.]  By 
adding  the  necessary  quantity  of  113804  to  Fe"S04  to  convert  it 
into  Fe23S04.  The  mixture  is  then  boiled,  the  iron  being  afterwards 
peroxided  by  the  cautious  addition  of  nitric  acid,  until  no  blue  pre- 
cipitate is  produced  with  potassic  ferricyanide  (6FeS04  +  3H2S04  + 
2HN03=3Fe23S04  +  2NO  +  4H20). 

Properties. — A  non-crystalline,  yellow  body,  soluble  in  water. 

If  potassium  sulphate  be  dissolved  in  proper  proportion  in  a  solution 
of  ferric  sulphate,  and  kept  at  a  low  temperature,  iron  alum  crystallizes 
out  (K2S04,Fe23S04,24H20). 

(19.)  Ferrous  Nitrate  (Fe2N03,6H20). 

Prep)aration. — By  the  action  of  cold  dilute  nitric  acid  on  ferrous 
sulphide,  or  by  decomposing  ferrous  sulphate  with  barium  nitrate. 

(20.)  Ferric  Nitrate  (Fe"'26N03,12H20).— Prepared  by  the  actioa 
of  nitric  acid  of  specific  gravity  1-2  on  metallic  iron. 

[N.B. — Fuming  nitric  acid  (specific  gravity  1*5)  has  no  action  on 
iron.    (5ee  Passive  Iron,  p.  404.) 

(21.)  Ferrous  GBXhoUdle,  Protocarhonate  of  iron  (FeCOs),  is  found 
native  as  spathic  iron  ore,  and  as  clai/  iron  ore.  It  is  the  iron  salt 
commonly  found  in  mineral  waters,  retained  in  solution  by  the  car- 
bonic acid  dissoh^ed  in  the  water,  from  Avhich  the  iron  may  be  precipi- 
tated by  the  action  of  oxygen,  as  a  red  rusty  deposit  of  ferric  hydrate. 
This  deposit  is  frequently  seen  on  the  ground  in  the  neighbourhood 
of  chalybeate  springs. 

Preparation. — By  mixing  together  solutions  of  an  alkaline  carbonate 
and  a  ferrous  salt. 

Properties. — The  hydrate  formed  as  above  is  first  white,  but  after- 
wards dark-colored,  evolving  CO2  and  absorbing  0  (becoming 
FegHgOg)  by  mere  exposure  to  air. 

(24.)  The  Iron  Oxalates  are  found  native  {Hnmholdtite  or  iron- 
resin),  and  may  be  prepared  as  lemon-yellow  precipitates,  by  the 
action  of  ferrous  sulphate  upon  amraonic  oxalate. 

Ferrous  and  ferric  phosphates,  and  ferrous  and  ferric  silicates  (re- 
finery slag)  have  been  prepared. 

Reactions  of  Iron  Compounds. 

Non-luminous  flame — No  action. 

Spark  spectrum — Innumerable  lines. 

Heated  with  sodium  carbonate  on  charcoal,  a  black  magnetic  powder 
is  left. 

Borax  bead — Green  in  reducing  flame  ;  no  color  in  oxidizing  flame. 

(1.)  Ferrous  Salts. 

Caustic  Alkalies— White  ppt.  (FeHoOa)  which  changes  green  on 
exposure. 

Ammouia — Partial  precipitation  of  FelLOg. 
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Sulphuretted  hydrogen — No  ppt.  in  acid  solution. 
Ammonium  Sulphide — Black  ppt.  (FeS,HoO),  oxidized  by  exposure. 
Potassium  Ferrocyanide — White  ppt.  (ferrous  ferrocyanide),  becoming 
blue  by  exposure. 

Potassium  Ferricyanide — Deep  blue  ppt.  (ferrous  ferricyanide  or 
Turnbull's  blue). 

(2.)  Ferric  Salts. 

Caustic  Alkalies  and  Ammonia — A  reddish  ppt.  (FcoHgOe)  insoluble 
in  excess. 

Sulphuretted  Hydrogen — Ppt.  of  white  sulphur.  [Ferric  reduced  to 
ferrous  condition.] 

Ammonium  Sulphide — A  black  ppt.  (FeSjHgO),  with  separation  of 
sulphur. 

Potassium  Ferrocyanide — A  deep  blue  ppt.  (Prussian  blue). 
Potassium  Ferricyanide — No  ppt.     Solution  becomes  of  a  reddish- 
brown  color. 

Ammonium  Sulphocyanide — Blood-red  color ;  permanent  with  hydro- 
chloric acid. 

Barium  Carbonate — Ppt.  of  FcoHgOs  with  evolution  of  COg. 

CHROMIUM  (Cr). 

Atomic  iveight,  62'\.  Specific  gravity,  7-31.  Atomicity;  dyad,  tetrad, 
and  hexad,  also  a  pseudo-triad  and  oQtad  (CrO;  CrOg). 

History.— Obtained  by  Vauquelin  (1797),  from  lead  chromate. 
Termed  chromium  (j^pGifxa,  color)  from  the  varied  colors  of  its  compounds. 

Natural  History. — It  does  not  occur  free,  but  is  found  as  chrome 
translate  or  chrome  iron-stone  (FeOjCroOs),  as  lead-chromate  (PbCr04), 
etc. 

Preparation. — (l.)  By  reducing  chromic,  oxide  with  charcoal. 

(2.)  By  the  action  of  sodium  or  potassium  on  chromic  chloride. 

(3.)  By  heating  a  mixture  of  zinc  and  chromic  chloride  to  about 
1,000°  C.  (using  KCl  and  NaCl  as  a  flux).  If  after  the  action  is 
complete,  the  zinc  be  dissolved  out  of  the  residue  with  warm  dilute 
nitric  acid,  metallic  chromium  will  be  found  undissolved  in  the  form 
of  a  grey  crystalline  powder  (Wohler). 

(4.)  By  the  electrolysis  of  a  solution  of  chromous  and  chromic 
chlorides  (Bunsen). 

Properties.— (ct.)  Physical.   A  hard,  crystalline  (octahedra),  highly 
infusible  metal. 

(/3.)  Chemical.  It  is  not  readily  oxidized  by  heating  in  a  Bunsen, 
liut  burns  in  the  oxyhydrogen  flame.  It  is  soluble  in  HCl  and  in  hot 
IlaSO^,  hydrogen  being  evolved  in  both  cases.  Neither  cold  dilute 
sulphuric  acid  nor  boiling  HNO3  liave  any  action  upon  it.  It  is  con- 
verted into  a  chromate  by  ignition  with  the  hydrated  alkalies. 

It  hardens  steel  even  when  present  to  the  extent  of  O'o  per  cent. 
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Compounds  of  Chromium  (Cr  =  52). 


COMPOUNDS. 


Chromous  oxide  (?) 

,,  hydrate  . . 
Chromic  oxide 

hydrate    . . 
Trichi'omic  tetroxide 
Chromic  peroxide  . . 
anhydride 
,,      acid  . , 
Perchromic  acid    . . 


Potassium  chr  ornate 

bichromate  . . 
, ,        trichromate  . . 
tttrachromate 

Sodium  chromate  

, ,  dichromate 
Ammonium  chromate    , . 
,,  dichroraate.. 

Bariimi  chromate  

,,      dichroraate  (yellow  ul- 
tramarine) 
Strontium  chromate 

Calcium  chromate  

Magnesium  chi  ornate  .. 
Potassium  magnesic  chromate 

Plumbic  chromate  

,,  _        „       (basic)  .. 

Argentic  chromate  

Mercuric   


r  Chromous  chloride,  etc. 

I  Chromic  chloride,  etc  

, ,  perfluoride 

,,      oxy  chloride 

,,  oxychlorhydrate 

(chloro-chromic  acid) 

sulphide  

,,  nitride   

Chromous  sulphate 

, ,       potassic  sulphate . . 
,,       phosphate  .. 
,,  caTbonate 

Chromic  nitrate  

,,  sulphate  

, ,      potassium  sulphate 
(chrome  alum)    . , 


Formula 
(Common). 


CrO 
CrH^O^ 
Cr^Os 
Cr.a.Og 
CrjO, 
Cr'O., 
CrO, 
HjCrO^ 
H,Cr,03  (?) 


K^CrO, 

K20(Cr03)3 
K,0(Cr03), 
Na,Cr0, 
Na20(Cr03), 
(NHJ.CrO; 
(NH,),0(Cr03), 
BaCrO^ 

Ba0(Cr03)2  2H,0, 
SrCrO^ 
CaCrO4,2Hj0 
MgCr0„7Hj0 
KjCrO^MgCrO, 

PbCrO. 
2Pb0,Cr03 
Ag.CrO, 
HgCrO, 


Qj  •r-t 


CrClj;  CrBrj 
Cr^Cle;  Cr^Br^; 

Cr^Fg 
CrF, 
CrCl^O^ 

Cr03,HCl  (?) 
Cr^Sa 
CrN 
Cr"S0, 
Cr"K22S0, 
Cr,P,03 
C/'COg 
Cr^GNOj 
CrjSSO^.lSlJjO 

CrjK24S04,24H20 


68-0 
152-0 

100-0 


194-2 
294-2 
394-2 
494-2 
162-0 


253-0 


323-0 
332-0 


123-0 
317-0 


155-0 


200-0 


392+270 


coo 


5-21 


2-676 


2-682 
2-624 


5-  653 

6-  266 
5-77 


1-92 
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Compounds  of  Chromium 

AND  UXYGLN,  JliTC. 

1. 

Chromous  oxide 

  CrO(?), 

2. 

„       hydrate  ... 

  CrH.O. 

3. 

Chromic  oxide 

•  ••       ...    CroO^.  - 

4. 

„       hydrate  . . . 

Ci'oH(^0(j. 

5. 

Trichromic  tetroxide 

  Cr304. 

6. 

Chromic  peroxide  ... 

  CrOj. 

7. 

„       anhyhride  . . . 

  CrO..,. 

8. 

„  acid... 

  HeCrO^. 

9. 

„       perchromic  acid 

•  ••       ■••  HgCrgOg. 

(1,  2.)  Chromous  Oxide  (CrO)  (Chromous  monoxide)  is  only  known 
as  a  hydrate  (CrHoOg).  This  is  produced  as  a  brown  precipitate  on 
adding  potassium  hydrate  to  a  solution  of  chromous  chloride.  The 
moist  precipitate  absorbs  oxygen  with  great  energy,  forming  (CrO, 
CrjOa).  Heated  without  air  it  forms  CrgOg,  evolving  hydrogen  and 
water.    It  is  a  feeble  base,  somewhat  insoluble  in  acids. 

(3,  4.)  Chromic  Oxide. — Sesquioxide  of  chromium  (CrgOa). 

Natural  History. — Occurs  native  as  chrome  ochre. 

Preparation. — (1.)  {Anhydrous.)  (a.)  By  heating  a  mixture  of  sul- 
phur and  potassium  bichromate.  The  CrgO.,  remains  undissolved 
when  the  mass  is  treated  with  water.  (/3 .)  By  the  action  of  heat  on 
chromic  hydrate,  or  on  ammonium  bichromate,  or  on  a  mixture  of 
potassium  bichromate  with  ammonium  chloride. 

(2.)  By  passing  the  vapor  of  chromic  oxychloride  (CrOgCL) 
through  a  red-hot  pipe. 

(3.)  (As  a  hydrate,  CrgHgOg.)  If  a  solution  of  potassium  bichromate 
acidulated  with  sulphuric  acid,  be  boiled  with  alcohol,  or  if  a  current 
of  SOg  be  passed  through  a  solution  of  the  bichromate,  a  chromic 
sulphate  is  formed.  On  adding  ammonia  to  this  solution,  or  to  any 
chromic  salt  free  from  alkali,  the  hydrate  Crg03,7H20,  of  a  pale  blue 
color,  is  precipitated.  This  may  be  dried  in  a  current  of  hydrogen 
until  it  becomes  a  hydrate  of  the  composition  CroOajHoO.  On  igni- 
tion, it  leaves  CrgOg. 

Properties. — Chromic  oxide  is  insoluble  in  acids.  It  has  a  brilliant 
green  color,  unaffected  by  heat,  a  property  rendering  it  valuable  in 
onamel  painting  (chrome  green).  When  ignited  it  may  be  obtained  in 
the  form  of  black  hexagonal  crystals.  It  constitutes  the  green  color- 
ing matter  of  the  emerald. 

Chromic  oxide  unites  with  basic  oxides  to  fonn  a  class  of  com- 
pounds that  may  be  regarded  as  chromites,  or  salts  of  chromous  acid 
iIoCr„04  (e.ff.  Zn"Cr204(=ZnO,Cr„03) ;  MnCr„04;  FeCr„04). 

Chromic  hydrate  when  freshly  precipitated  dissolves  in  ammonia,  the 
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solution  being  peach-colored  (chrom-amine).  A  colloidal  form  results 
when  the  precipitate  is  dissolved  in  a  solution  of  chromic  chloride  and 
dialysed.  The  hydrate  forms  two  sets,  of  salts  with  acids,  one  of  which 
is  green  and  non-crystalline,  and  the  other  violet  and  crystalline. 
"  Guignefs  green  "  has  the  composition  Cr203,2H20. 

(5.)  Trichromic  Tetroxide  (Cr304). 

Preparation. — (1.)  (Anhydrous.)  By  the  decomposition  of  an  aqueous 
solution  of  chromous  chloride  by  a  weak  electric  current. 

(2.)  {As  a  hydrate.)  By  adding  potassium  hydrate  to  a  solution  of 
chromous  chloride  with  partial  access  of  air. 

Properties. — The  oxide  readily  absorbs  oxygen,  becoming  Cr„0:5. 
The  hydrate  is  a  reddish  brown  precipitate. 

(6.)  Chromic  Peroxide  {Chromyl,  CrOo).  Prepared  by  the  re- 
duction of  chromic  acid.    A  brown  powder. 

(7.)  Chromic  Anhydride  (Chromic  acid)  (CrOs). 

Preparation. — By  adding  an  excess  of  sulphuric  acid  to  a  strong 
solution  of  potassium  bichromate,  and  crystallizing. 

Properties. — Chromic  anhydride  crystallizes  in  needle-shaped  crys- 
tals, which  are  deUquescent  and  very  soluble  in  Avater,  yielding  a  red 
solution.  It  is  decomposed  at  482°  F.  (250°  C.)  with  the  evolution  of 
oxygen  and  the  formation  of  CroO,.  It  is  a  powerful  oxidizing  body 
(4Cr03=2Cr20;,-j-302),  SOajHoS,  and  most  organic  bodies,  effecting 
its  reduction.  It  is  employed  as  an  agent  in  bleaching  certain  oils. 
Heated  with  hydrochloric  acid,  chlorine  is  liberated,  and  CroCle 
formed.  It  is  soluble  in  strong  and  in  dilute  sulphuric  acid,  oxygen 
being  set  free  on  the  addition  of  the  strong  acid.  It  is  almost  in- 
soluble, however,  in  a  sulphuric  acid  containing  16  to  17  per  cent,  of 
water.  It  is  soluble  without  decomposition  in  glacial  acetic  acid. 
The  color  of  the  ruby  is  believed  to  be  due  to  the  presence  of  a  trace  of 
chromic  anhydride. 

(8.)  Chromic  Acid  (HnCrO^  hypothetical).— The  Chromates- 

Chromic  acid,  H„Cr04,  has  not  been  prepared.  When  separation  of 
the  acid  is  attempted,  it  at  once  breaks  up  into  water  and  CrOg.  It  is . 
dibasic  (like  H^SOJ,  but  differs  from  other  dibasic  acids  in  not  pro- 
ducing acid  salts  (e.g.,  no  hydric  potassic  chromate  is  known).  Such 
compound  (if  formed  at  all)  at  once  becomes  a  bichromate  by  a 
combination  of  two  molecules  of  the  salt,  and  the  elimination  there- 
from of  one  molecule  of  water.    Thus  : — 

2KHCr04       =       KM^rO,)^       +  H^O. 
Potassium  hydric  chromate  =   Potassium  bichromate    +  "Water, 
(hypothetical) 

On  the  addition  of  a  base  to  a  solution  of  bichromate,  it  is  at  once 
converted  into  a  normal  chromate  : — 

K„0(Cr03)2  +  2KH0  =  2KoCr04  +  H„0. 
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A  somewhat  similar  relationship  to  that  subsisting  between  chromic 
and  dichromic  acids,  exists  in  the  case  of  sulphuric  and  disulphuric 
acids  (p.  183),  and  of  phosphoric  and  pyrophosphoric  acids  (p.  162). 

(9.)  Perchromic  Acid  (HoCroOg). — This  compound  is  supposed  to 
be  formed  by  the  action  of  peroxide  of  hydrogen  on  chromic  anhydride 
or  on  a  chromate  acidulated  with  H2SO4.  The  blue  color  produced 
by  these  reactions  is  supposed  to  be  perchromic  acid.  This  blue 
color  is  soluble  in  ether.  When,  however,  the  ethereal  solution  is 
evaporated  to  dryness,  CrOo  only  remains. 

The  reaction  forms  a  delicate  test  for  peroxide  of  hydrogen  (p.  250). 

(10.)  Potassium  Chromate  (KgCrOi). 

Preparation. — (1.)  By  adding  potassic  hydrate  or  carbonate  to  a 
solution  of  potassium  bichromate. 

(2.)  By  fusing  a  chromium  compound  with  nitre  or  with  potassium 
carbonate  in  the  presence  of  air. 

(3.)  See  Potassium  Bichromate  (below). 

Properties. — A  yellow  crystalline  salt,  isomorphous  witli  potassium 
sulphate.  It  is  soluble  in  water  (1  in  2  aq.  at  60°  F.),  the  solution 
having  an  alkaline  reaction.  Its  solution  is  decomposed  by  C0£,  a 
bichromate  being  formed.  It  fuses  without  decomposition  by  heat, 
changing  fi-om  a  yellow  to  a  red  color  (Sp.  gr.  2-7). 

(11.)  Potassium  Bichromate,  K20(Cr03)2,  or  K2Cr207. 

Preparation. — (1.)  By  the  action  of  sulphuric  acid  on  potassium 
chromate. 

(2.)  Commercially  the  salt  is  prepared  as  follows : — Powdered 
;hrome  ironstone  is  roasted,  ground,  and  mixed  with  chalk  or  lime  and 
potassium  carbonate  (crude  potash).  The  mixture  is  theu  heated  to 
jright  redness  in  the  oxidizing  flame  of  the  reverberatory  furnace.  The 
ferrous  oxide  is  thus  changed  into  the  insoluble  ferric  oxide,  and  the 
•hromic  oxide  (CroOa)  into  chromic  acid  (CrOj)  which,  with  the  potash, 
n-ms  potassic  chromate  (K2Cr04),  The  mass  is  then  acted  on  with 
I  minimum  of  boiling  water,  and  the  clear  solution  mixed  either  with 
nilphuric  acid  (in  quantity  equal  to  one-half  the  potassium  present)  or 
with  nitric  acid,  and  crystallized  :  — 

'«.)  2K„QxO^  +  2KNO3  =  K:2Cr207  +  2KNO3  +  HoO. 
Potassic  +  Nitric  acid  =  Potaesic  bicliromate  +  Potassic  nitrate  +  "Water, 
chromate 

/3.)  2K2Cr04+  H2SO4  =  KeCr.O^  +  K2SO4  +  H^O. 
Potassic  +  Sulphuric  acid  =  Potassic  tichromate  +  Potassic  +  Water, 
chromate  sulphate 

Properties. — A  red  crystalline  salt.    It  fuses  at  a  moderate  heat,  but 

-  decomposed  when  the  heat  approaches  redness,  with  the  evolution 
'f  oxygen,  and  the  formation  of  the  normal  chromate  (K2Cr04)  and 

-  r^Oa.    It  is  soluble  in  water  (1  in  10  aq.  at  60°  F.).    Solution  acid. 
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— Treated  with  HgvSO^,  it  gives  off  oxygon,  a  solution  remaining, 
which,  on  standing,  yields  crystals  of  "  chrome  alum."  It  is  used  in 
calico  printing  as  an  oxidising  agent,  etc.    (Sp,  gr.  2'68.) 

Potassium  trichromate,  KoO(CrO;j).3,  and  tetrachromate,  K20(Cr03)4, 
have  also  been  prepared. 

(24.)  Plumbic  Chromate. — Chromate  of  lead;  Chroma  yellow 
(PbCrOi).    This  body  is  found  native  as  red  lead  ore  (Siberia). 

Preparation. — By  the  action  of  lead  acetate  on  a  solution  of  potas- 
sium chromate. 

Properties. — A  yellow  poisonous  pigment.  It  fuses  by  heat  without 
decomposing.  It  effects  rapid  and  complete  oxidation  of  organic  matter 
when  heated  with  it  (8PbCr04  =  4(PbCr04,PbO)  +  2Cr203  +  302). 
It  is  insoluble  in  water  and  in  acetic  acid,  but  is  soluble  in  nitric  acid 
and  in  an  excess  of  potassium  hydrate . 

Uses. — It  is  used  as  a  yellow  pigment  in  calico  printing,  etc.  la 
the  laboratory  it  is  employed  as  a  source  of  oxygen  in  organic  com- 
bustion analysis,  more  especially  in  cases  where  sulphur  is  present 
in  the  organic  compound. 

(25.)  Plumbic  Chromate  (Basic). — Orange  chrome;  chroma  red 
(2PbO,Cr03,  or  PbCr04,PbO). 

Preparation. — By  boiling  together  lime  and  plumbic  chromate  : — 

2PbCr04       +  CaO   =       PbCr04,PbO       +  CaCr04. 
Plumbic  chromate    -}*    liime    =    Basic  plumbic  chromate    +  Calcium  chromate. 

Properties.  — A  scarlet  pigment.  It  is  used  in  calico  printing,  the 
fabric  being  first  dyed  with  plumbic  chromate,  and  afterwards  boiled  in 
lime-water. 

(28.)  Chromous  Chloride  (CrClg). 

Preparation. — (1.)  By  heating  chromic  chloride  in  a  current  of  dry 
hydrogen. 

(2.)  By  dissolving  the  metal  in  HCl. 

Properties. — A  white  crystalline  substance.  The  aqueous  solution 
presents  a  blue  color,  becoming  green  by  exposure.  A  powerful 
reducing  agent. 

(29.)  Chromic  Chloride. — Sesquichloride  of  chromium  (CraClg)- 
Preparation. —  (1.)    (Anhydrous.)    By  passing  dry  chlorine  over  a 
heated  mixture  of  chromic  oxide  and  charcoal.    The  CrgClg  collects  as 
a  violet  sublimate  in  the  cool  part  of  the  tube. 

(2.)  {As  a  hydrate.)  (a.)  By  dissolving  chromic  hydrate  in  hydro- 
chloric acid  ;  or  (/3)  by  boiling  either  chromic  acid,  or  the  lead  or  silver 
chromate,  with  hydrochloric  acid  and  some  reducing  agent,  such  as 

alcohol,  SOg,  etc. 

Properties. — Heated  in  air,  chromic  chloride  yields  CrgOs  and  free 
chlorine.    Insoluble  in  acids,  or  in  cold  or  boiling  water.    If  a  trace  of 
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ch)-omous  chloride  (or  stannous  chloride  or  other  reducing  agent)  be 
added  to  the  salt  suspended  in  water,  a  green  solution  results,  great 
heat  being  evolved.  This  solution  on  evaporation  yields  crystals  of 
Cr206,12H20.  This  hydrate  when  heated  in  air  yields  the  oxy- 
chloride  (CrOsCU),  but  when  heated  in  hydrochloric  acid  gas  gives 
Cr^Clg. 

(30.)  Chromic  Perfluoride  (CrFg).  Pi'eparation. — By  heating 
calcium  fluoride  with  plumbic  chromate  and  sulphuric  acid  (SCaF. 

+  PbCrO,  +  4HoSO,=CrF6  +  PbS04  +  3CaS04+4H20). 
A  red  fuming  liquid,  decomposed  by  water. 

(31-)  Chromic  Oxydichloride  (CrCLOa). 

Preparation.— distilling  sulphuric  acid  with  a  fused  mixture  of 
common  salt  and  potassium  bichromate  ; — 

K2CrA  +  4NaCl  +  3H„S04=KoSO,+2Na2SO,+3H20  +  2CrCl202. 

Properties.— A.  red  Hquid  (Sp.  gr.  1-92)  emitting  suffocating  red' 
fumes  (Sp.  gr.  of  vapor,  5-52).  It  catches  fire  when  dropped  into 
alcohol  or  into  a  solution  of  ammonia.  It  is  decomposed  by  water, 
yielding  chromic  and  hydrochloric  acids.  It  boils  at  244-4°  F.' 
(118°  C).  It  is  a  powerful  oxidizing  agent,  phosphorus,  alcohol,' 
and  other  oxidizable  bodies  firing  when  brought  into  contact  with  it. 

(32.)  Chromic  Oxychlorhydrate.  Chhrochromic  add  (Cr03,HCl) 

IS  not  known  in  a  free  state.  Certain  chlorochromates  have  been  pre- 
pared le.g.,  Cr03,KCl  (potassic  chlorochromate),  made  by  gently 
heating  bichromate  of  potash  with  hydrochloric  acid]. 

(33.)  Chromic  Sulphide  {sesquisulphide),  (CrgSg)  has  been  obtained 
by  direct  union,  and  also  by  heatiug  Cv,0,  in  the  vapor  of  CS„,  or 
Oracle  in  a  current  of  H^S.  Specific  gravity,  3-7.— When  the  sulphide 
IS  heated  in  air,  Cv,0,  is  formed.-It  cannot  be  prepared  by  a  wet 
process,  since  it  is  decomposed  by  water  (Cr2S3  +  6H20=Cr„H606  + 

(40.)  Chromic  Sulphate  (Cr23SO,).-There  are  three  varieties  of 
cUromic  sulphate  : — 

(a.)  A  (?r.en  sulphate  (Cr^SSCoH^O),  which  is  soluble  in  alcohol 
|uid  IS  non-crystal  ine.    It  is  prepared  either  (i.)  by  boiling  hydrated 
rom.c  oxide  with  sulphuric  acid,  or  (ii.)  by  boiling^  solution'^of  the 

^212°"^  (W  C.)."-^  ""''''^'^  -^P^-*« 

03  )  A         sulphate  (Cr,3SO„15H,0),  which  is  insoluble  in  alcohol 

^csquioxide  with  sulphuric  acid  at  ordinary  temperatures.  With 
potassic  sulphate,  it  forms  chrome  alum  (K,Cr24SO„24H,0,  Sp.  gr. 

826),  a  body  crystallising  in  red  octahedra,  and  used  in  dyeing, 
<-ahco  printing,  and  tanning  operations.  ^ 
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(y.)  A  red  sulphate  (Cr23S04).  A  crystalline  salt,  insoluble  either 
iu  alcohol,  water,  or  acids  (even  in  aqua  regia).  It  is  prepared  by 
heating  the  green  or  the  violet  variety  to  698°  F.  (370°  C). 

Reactions  of  Chromium  Compounds. 

Non-luminous  flame.    No  action. 

Spark  spectrum.    Bright  lines  iu  green  aud  blue. 

A.  Chromates — 

Lead  acetate ;  a  yellow  ppt.  of  PbCr04. 
Argentic  nitrate ;  a  red  ppt.  of  Ag2Cr04. 

Hydrochloric  acid  (heated)  evolves  chlorine.  Color  of  salt  changes 
green. 

Sulphuretted  hydrogen,  reduces  chromates  with  separation  of  sulphur. 

B.  Chromic  Compounds  (Solutions  violet-colored  or  green;  re- 
action acid) — 

Ammonia  ;  a  pale  blue  ppt.  (CroHgOs),  soluble  in  excess. 

Caustic  alkalies;  a  ppt.  (Cr^HeOe),  soluble  in  excess  ;  reprecipitated 

on  boiling. 

Sxd'phuretted  hydrogen  ;  no  ppt. 

Ammonhm  sulphide;  ppt.  of  Cr^HgOe,  with  evolution  of  H„S. 

When  a  compound  of  chromium  is  fused  with  sodic  carbonate  aud 
potassic  nitrate,  a  soluble  chromate  is  formed,  which  when  dis- 
solved in  water,  yields  a  yellow  solution. 


ZINC  (Zn"). 

Atomic  and  Molecular  iveight,  65-3  {see  page  39).     Sincific  gravity, 
6-8  to  7-2.  Atomicity,  dyad  (")  [ZuO  ;  ZnClJ.    Fuses  atlU  I?. 
(412°  C);  hoils  at  1904°  F.  (1040°  C);  volatilizes  at  a  red  heat. 
Specific  heat,  0*095. 
jjig^ory.— It  was  known  as  «  Spelter"  in  the  thirteenth  century 
but  was  not  recognised  as  a  distinct  metal  until  the  sixteenth.  The 
metal  was  described  by  Paracelsus. 

Natural  History— Zinc  has  been  stated  to  have  been  found  in  a 
free  state  in  Melbourne,  but  of  this  there  is  some  doubt.  It  occurs 
as  a  carbonate  (ZuCOs)  m  calamine,  as  a  sulphide  (ZnS)  in  blende, 
as  an  oxide  (ZnO  associated  with  iron  and  manganese  oxides)  in  "red 
zinc  ore,"  and  as  a  silicate  (ZnSi04,H20)  in  "  electric  calamme 
or  zinc  glass  (Williamite).  i   v  " 

« Franklinite "  is  a  double  oxide  of  zinc  and  iron,  and  gahnite, 
or  "  zinc  spinelle,"  a  compound  of  zinc  and  aluminium  oxides. 

PrPDaration  -Zinc  being  volatile,  its  oxide  cannot,  like  iron,  be 
reduced  in  an  ordinary  furnace  by  the  action  of  heat  in  the  presence  of 
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reducing  agents  (in  wLioh  case  the  zinc  -would  volatilize  and  burn),  but 
must  be  distilled. 

(A.)  The  ore  is  first  brought  into  the  state  of  zinc  oxide,  either  by 
(a)  calcining  the  carbonate  or       roasting  the  sulphide  ; 

Calcination — (a.)  ZnCO.,  (calamine)       =  ZnO    +  COg. 
Roasting.  —  (/3.)  2ZnS  (blende)  +  30^  =  2ZnO   +  2SO2. 

[lu  process  /3,  the  conversion  of  ZnS  into  ZnS04  must  be  avoided, 
otherwise  the  ZnSO^  formed  would,  in  the  after  treatment,  be  reduced 
to  ZnS,  and  so  the  metal  in  combination  not  be  recovered.] 

(B.)  The  oxide  thus  formed  is  now  heated  with  half  its  weight  of 
powdered  coal,  either  in  earthen  retorts  (Belgian  process),  or  in  a 
crucible  closed  with  a  luted  lid,  and  fitted  at  the  bottom  with  an  exit 
pipe  (English  process),  the  distilled  zinc  in  either  case  being  col- 
lected in  iron  receivers  (distillation  per  descensum), 

ZnO  +  C  =  Zn  +  CO. 

Before  the  distillation  of  the  zinc  commences,  a  finely  divided 
powder,  termed  zinc  dust,  passes  over.  This  consists  of  a  mixture  of 
zinc  with  zinc  oxide  and  some  cadmium. 

Imjmriiies  and  jmi-ijcation. — The  principal  impurities  of  zinc  are 
zinc  oxide,  lead,  iron,  tin,  antimony,  arsenic,  copper,  and  cadmium. 

The  separation  of  the  zinc  oxide  is  effected  by  skimming  off  the 
dross  which  collects  on  the  surface  of  the  melted  metal.  The  ingots 
thus  prepared  are  known  as  '"'spelter."  The  presence  of  lead  interferes 
with  rolling  the  zinc.  The  greater  specific  gravity  of  lead  (Pb=ll-4  ; 
Zn=7-14)  enables  a  portion  to  be  extracted  by  simply  melting  the 
alloy,  the  upper  part  of  the  melted  mass,  consisting  of  zinc,  contain- 
ing not  more  than  1'2  per  cent,  of  lead. 

The  separation  of  cadmium  and  arsenic  is  commonly  effected  during 
distillation.  These  metals,  being  more  volatile  than  zinc,  pass  over 
first,  and  burn  at  the  mouth  of  the  tube  with  a  brown  fiame  (brown 
blaze).  The  distillation  of  the  pure  zinc  is  determined  by  the  flame 
assuming  a  bluish-white  color  (blue  blaze). 

If  zinc  be  redistilled  in  a  clay  retort,  a  fairly  pure  zinc  may  be  ob- 
tained, provided  the  first  part  of  the  distillate  (which  contains  arsenic 
and  cadmium),  and  the  latter  part  ^which  contains  lead,  Iron,  and 
the  less  volatile  constituents),  are  rejected. 

The  pure  metal  may  be  prepared  by  first  igniting  pure  zinc  carbonate, 
and  distilling  the  oxide  so  formed  with  sugar  charcoal  in  a  porcelain 
retort. 

Properties.— (a.)  Physical.  A  light,  hard,  bluish-white  crystalline 
(flat  hexagons)  metal.  It  melts  at  773"  F.  (412°  C),  boils  at  1,904°  F. 
(1,040"^  C),  and  volatilizes  at  a  red  heat.  At  ordinary  temperatures  it 
IS  brittle,  but  between  212°  and  302°  F.  (100°  and  150°  C.)  it  is  both 
ductile  and  malleable,  whilst  at  410°  F.  (210°  C.)  it  again  becomes 
brittle.    It  distils  at  a  bright  red  heat. 
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(j3.)  Chemical.  Zinc  preserves  its  lustre  in  dry  air  at  ordinary  tem- 
peratures. When  heated  it  burns  in  air  with  a  greenish-white  flame, 
zinc  oxide  (ZnO),  known  as  "  m7  album''''  or  philosopher's  wool,  being 
formed.  The  metal  rapidly  tarnishes  in  moist  air,  the  zinc  oxide  or 
basic  carbonate  formed  protecting  the  metal  underneath  from  further 
change.  Cold  water  has  no  action  upon  it,  but  the  metal  decomposes 
steam  at  100°  C.  (Zn  +  H20=ZnO  +  H2).  The  haloid  elements,  in  the 
presence  of  moisture,  act  freely  upon  it. 

Dilute  sulphuric  and  hydrochloric  acids  have  a  feeble  action  only 
upon  pure  zinc  ;  but  the  action  becomes  energetic  if  a  trace  of  platinic 
chloride  be  added  to  the  acid  solution,  when  hydrogen  is  evolved  and 
platinum  deposited  on  the  zinc.  The  comparative  ease  with  which 
zinc  is  acted  on  by  acids  depends  on  impurities  in  the  metal.  Thus 
hydrogen  is  commonly  prepared  by  the  action  of  dilute  sulphuric 
acid  on  commercial  zinc.  If  pure  zinc  be  used  for  this  purpose,  the 
evolution  of  hydrogen  •  soon  ceases,  from  the  metal  becoming  covered 
with  hydrogen  globules.  If  a  piece  of  copper  be  now  introduced 
into  the  mixture,  the  copper  (which  is  electro-negative  towards  the 
zinc)  attracts  the  electro-positive  hydrogen,  thus  effecting  a  continuous 
liberation  of  the  gas. 

Zinc  dissolves  in  cold  nitric  acid,  no  free  hydrogen,  but  ammonia 
being  evolved.  In  hot  nitric  acid,  ammonia,  nitrogen  and  the  lower 
oxides  of  nitrogen  are  formed.  With  cold  strong  sulphuric  acid,  or 
with  hot  dilute  sulphuric  acid,  both  hydrogen  and  sulphuretted 
hydrogen  are  evolved. 

Solutions  of  the  caustic  alkalies  act  readily  upon  zinc,  hydrogen 
and  zinc  oxide  (Avhich  latter  is  soluble  in  the  alkaline  solution,  thereby 
forming  a  double  salt),  being  formed  (Zn  +  2KHO=ZnO,K20  +  H2). 

Zinc  is  a  powerful  base.  Placed  in  many  metallic  solutions  it.  pre- 
cipitates the  metal,  and  in  its  place  is  itself  dissolved. 

Uses. — Zinc  is  employed  for  voltaic  batteries — also  in  building 
operations  as  a  substitute  for  lead,  its  advantage  being  its  comparative 
lightness.  Although  not  malleable  at  common  temperatures,  it  is 
perfectly  malleable  at  212°  F.  (100°  C).  Brass  is  an  alloy  of  copper 
(2  parts)  and  zinc  (1  part).  German  silver  is  brass  with  a  small 
quantity  of  nickel  added.  Galvanized  iron  consists  of  iron  coated  with 
zinc,  and  is  prepared  by  dipping  clean  iron  into  melted  zinc  covered 
with  sal-ammoniac.  By  this  means  the  surface  of  the  melted  zinc  is 
kept  free  from  oxidation,  zinc  oxide  being  soluble  in  NH4CI.  If  this 
were  not  done  the  zinc  oxide  adhering  to  the  iron  plate  in  the  act  of 
dipping  would  prevent  its  becoming  uniformly  coated.  In  galvanized 
iron  we  obtain  the  strength  of  the  iron,  which  is  much  greater  than 
that  of  zinc,  together  with  the  preservative  action  of  the  zinc,  any 
ZnO  formed  itself  acting  as  a  protective  varnish. 

Zinc  dust  is  used  in  the  laboratory  as  a  reducing  agent.  The  metal 
is  also  employed  in  the  desilverization  of  lead. 
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Compounds  of  Zinc  (Zn  =  65). 
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1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15 
16 


Formula 
(Commoa). 


Zinc  oxide  

,,    hydrated  oxide . . 

chloride    . , 
, ,    bromide    . . 
iodide      . . 
fluoride 

silico-fluoride  . . 
sulphide  (blende) 
pentasulphide  . . 
nitride 
phosphide . . 
arsenide    . ,     . , 
antimonide 
sulphate  (white 

vitriol)  . . 
carbonate  . . 
nitrate 


^^•H  Sis 

o  ^  o 
OJ  ilD  t>>  P< 


ZnO 
ZnH,02 
ZnCIj 
ZnBr„ 
Znl, 
ZnFa 
SiZnFg,6H,0 
ZnS 
ZnSg 
ZuaN, 
ZnjP, 
ZngAsj 
ZugSb^ 

ZnS0,,7H,0 
ZnCOg  " 
Zn2(i\03) 


81 
99 
136 


97 


Specific 
Gravity  of 
Crystal. 


161  +  126 

125 
189+108 


5-612 
2-753 

4-1 


1-931 
4-4 


=  to  Zn  or 
ZnO  per 
cent,  of 

Anhydrous 
Salt. 


Zn  =  80-24 
Zn  =  6? 
Zn  =  47 


Zn  =  67-01 


Zn  =  40-37 
ZnO=  64-8 


(10  Zinc  Oxide  (ZnO=81,  Specific  gravity,  5-6)  occurs  native -as 
spartalite. 

Preparation.— (a.)  By  the  combustion  of  zinc  in  air  (jjJulosopher's 
tvool).  (/3.)  By  the  ignition  of  the  basic  carbonate  (prepared  by  adding 
an  alkaline  carbonate  to  a  solution  of  a  zinc  salt). 

Properties,  etc.— The  oxide  is  employed  as  a  pigment  (zinc-white) 
iu  the  place  of  white  lead,  its  advantage  being  that  it  is  not  blackened 
by  sulphuretted  hydrogen,  and  that  its  use  does  not  affect  the  health 
of  workpeople,  and  its  disadvantage,  that  it  more  easily  peels  off 
on  account  of  its  not  combining  chemically,  like  oxide  of  lead,  with  the 
oil.  When  heated,  the  white  oxide  turns  yellow,  but  again  becomes 
white  on  cooHng.  Heated  in  the  oxy-hydrogen  flame,  it  emits  a 
brilliant  light,  appearing  phosphorescent  as  it  cools.  It  is  insoluble  in 
water,  but  readily  soluble  in  acids.  "  Tutty,"  a  substance  obtained 
trom  the  fliies  of  brass  furnaces,  is  an  impure  zinc  oxide. 

(2.)  The  Hydrated  Oxide  (ZnU^O^)  is  obtained  by  the  action 
of  sodic,  ammonic  or  potassic  hydrate  on  solutions  of  zinc  salts 
fZnSO,  +  2KHO=ZnH„02  +  K2SO,),  the  precipitate  formed  being 
^ohible  if  an  excess  of  the  precipitant  be  added.  It  is  decomposed  by 
lieat  into  water  and  zinc  oxide.  Dissolved  in  excess  of  caustic  soda, 
a  soluble  salt  (sodium  zincate)  is  formed,  in  which  the  zinc  oxide 
may  be  regarded  as  acting  the  part  of  an  acid. 

(3.)  Zinc  Chloride  (ZuClg)  is  prepared  by  dissolving  zinc  in 
•lydrochloric  acid,  or  by  heating  the  metal  in  chlorine.    On  evapo- 
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rating  the  hydrochloric  acid  sohition  to  dryness,  and  distilling  the 
residue,  the  chloride  may  be  obtained  as  a  white,  deliquescent,  fusible, 
corrosive  solid.  It  is  freely  soluble  in  water  and  in  alcohol.  In  a 
concentrated  sohition  it  is  a  powerful  caustic.  It  absorbs  ammonia 
gas  freely.  It  fuses  at  about  212°  F.  (100°  C),  sublimes  at  a  higher 
temperature,  and  distils  at  a  heat  of  1292°  F.  (700°  C.)  By  heating 
together  chloride  and  oxide  of  zinc,  and  precipitating  with  water,  a 
number  of  oxy-chloritles  may  be  prepared.  By  boiling  the  oxide  and 
chloride  together,  a  plastic  mass  is  obtained,  Avhich  speedily  becomes 
hard,  and  is  used  as  a  stopping  for  teeth.    I^See  Magnesium,  p.  389.) 

The  solution  of  the  chloride  (known  as  Burnett's  Disinfecting  Fluid) 
is  a  powerful  antiseptic  and  deodorizer,  its  activity  being  dependent 
on  the  power  it  possesses  of  absorbing  the  offensive  products  of 
putrefaction.  It  is  used  as  a  caustic  agent  in  medicine.  With  the 
alkaline  chlorides,  zinc  chloride  forms  double  salts,  the  zinc  ammonia 
chloride  (2NH4CI,  ZnClg)  being  used  as  a  soldering  flux  to  remove  the 
film  of  oxide  from  the  surface  of  metals.  The  chloride  abstracts 
water  from  many  organic  bodies. 

(4  to  7.)  Zinc  bromide  (ZuBrg),  zinc  iodide  (Znlg)  (prepared  by 
heating  together  zinc  filings  and  iodine),  zinc  fluoride  (ZnFg)  (prepared 
by  dissolving  zinc  in  aqueous  hydrofluoric  acid),  and  a  zinc  silica- 
fluoride  or  Jiuosilicate  (ZuSiFs.GHoO)  are  known. 

(8  and  9.)  Zinc  Sulphide  (ZnS=97)  occurs  native  as  blende, 
either  in  masses,  or  in  dark-colored  crystals  (rhombic  dodecaliedra) 
{black  Jack),  or  as  Wurtzite  (hexagonal  prisms).  A  white  hydrated 
sulj)hide  (which,  dried  at  ordinary  temperatures,  has  the  composition 
ZnS,H20,  but  if  dried  at  212°  F.,  of  2ZnS,HoO)  may  be  prepared  by 
the  action  of  hydric-ammonic  sulphide  on  a  solution  of  a  zinc  salt. 
Zinc  sulphide  is  not  precipitated  by  sulphuretted  hydrogen  in  mineral 
acid  solutions.  The  precipitated  sulphide  is  insoluble  in  Avater  or  in 
acetic  acid,  but  is  soluble  in  the  mineral  acids.  It  may  be  sublimed 
by  heat  in  a  current  of  HgS. 

A  zinc  pentasulphide  (ZnSg)  may  be  prepared  by  adding  potassium 
pentasulphide  to  a  neutral  solution  of  a  zinc  salt. 

(10  to  13.)  Zinc  Nitride  (ZugNo)  may  be  prepared  by  the  action 
of  heat  on  zinc  diamine  in  the  absence  of  air  [3Zn(NH2)2  —  Zu3lN2 
+  4NH3]  ;  Zinc  Phosphide  (ZngP^),  by  heating  zinc  in  phosphorus 
vapor  ;  Zinc  Arsenide  (ZngAs^),  by  heating  together  zmc  and 
arsenic,  and  Zinc  Antimonides  (Zn3Sb„  and  ZuoSb^),  by  fusing 
together  zinc  and  antimony  in  proper  atomic  proportions. 

(14.)  Zinc  Sulphate  {white  vitriol,  ZnS04,7H20). 

Preparation.^Bj  roasting  zinc  sulphide  at  a  low  temperature.  [It 
roasted  at  a  high  temperature  an  oxide  would  bo  formed.]  The  mas* 
after  roasting  is  dissolved  in  water  and  the  solution  crystallised. 
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sulphate  also  occurs  as  a  residue  in  the  common  process  of  preparing 
hydrogen  [viz.,  by  acting  on  zinc  with  dilute  sulpliuric  acid]. 

Properties. — A  white,  crystalline  (four-sided  prisms),  efflorescent  salt 
(isoraorphous  with  Epsom  salt),  insoluble  in  alcohol,  soluble  in  water 
(1  in  2-5  aq.  at  60°  F.,  and  1  in  1  at  212°  F.).  When  heated, 
it  melts  in  its  own  water  of  crystallisation.  At  a  temperature  above 
104°  F.  (40°  C.)  the  solution  deposits  crystals  having  the  composition 
ZnS04,6H20.  If  the  ordinary  sulphate  {i.e.,  ZuS04,7H20)  be  heated 
to  212°  F.  it  gives  up  GHgO,  becoming  ZnS04,H20,  and  at  400°  F. 
becomes  anhydrous  (ZnSO^).  If  the  anhydrous  salt  be  heated  to  a 
high  temperature,  it  evolves  0  and  SOg,  a  basic  salt  being  formed, 
which  if  dissolved  in  water  deposits  crystals  of  ZnS04,3ZnO,2H20. 
At  a  white  heat  the  anhydroi;s  sulphate  becomes  ZnO.  With  potassic 
and  ammonic  sulphates,  zinc  sulphate  forms  double  salts  (such  as 
ZnK2(S04)2,6H20)  isomorphous  with  the  corresponding  magnesium 
salts. 

White  vitriol  is  used  in  calico  printing,  in  medicine  as  an  emetic, 
etc. 

(15-)  Zinc  Carbonate  (ZnC03=12o)  is  found  native  as  calamine, 
so  called  from  its  tendency  to  form  reed-like  masses,  and  as  "  Zinc 
spar."    The  body  termed  "  electric  calamine  "  is  a  silicate. 

When  a  soluble  carbonate  is  added  to  a  solution  of  a  zinc  salt,  a 
hydrated  zinc  oxycarbonate  (a  basic  carbonate)  is  formed  (8ZnO,3C02, 
GHoO),  which  is  soluble  in  ammonium  carbonate,  but  not  in  the 
carbonates  of  soda  or  potash.    It  readily  loses  COg  when  ignited. 

(16.)  Zinc  Nitrate  (Zn2N036H20)  separates  as  four-sided  prisms 
from  a  solution  of  the  oxide  in  nitric  acid.  It  is  soluble  in  water 
and  alcohol.  It  is  a  deliquescent  salt,  and  fuses  at  97°  F.  (36°  C.)  in 
its  water  of  crystallisation.  At  212°  F.  (100°  C.)  it  gives  up  water 
and  nitric  acid,  yielding  a  basic  salt. 

A  Zinc  Phosphate  (ZngPgOe)  l^e  prepared  by  adding  hydric 
sodic  phosphate  to  a  solution  of  a  zinc  salt. 

Reactions  of  Zinc  Compounds. 
[Salts  white,  unless  the  acid  be  colored.] 

1.  Non-luminous  flame  :  No  effect. 

2.  Spectrum  :  Spark  spectrum  shows  lines  in  red  and  blue. 

3.  Caustic  alkalies  and  ammonia ;  A  white  ppt.  of  ZnH202,  soluble 
in  excess. 

4.  Alkaline  carbonates;  A  white  precipitate  of  a  basic  carbonate, 
soluble  in  excess  of  ammonium  carbonate,  but  not  in  excess  of  sodium 
or  potassium  carbonates. 

5.  Sulphuretted  hydrogen;  A  white  ppt.  of  hydrated  sulphide  in 
alkaline  solutions  (ZnS,(H20)n).  [In  neutral  solutions,  precipitation 
takes  place,  but  is  never  complete.] 
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6.  Potassium  ferrocyanide ;  A  white  ppt.  of  zinc  ferrocyanide. 

7.  Heated  on  charcoal  with  blowpipe.  In  outer  flame  an  incrustation, 
which  is  yellow  when  hot  and  white  when  cold.  (Moisten  the  cold 
incrustation  with  a  solution  of  cobalt  nitrate,  and  again  heat,  when  a 
fine  green-colored  mass  is  obtained  (Riumann's  green).} 


COBALT. 

Atomic  Weight  58'6.  Atomicity  dyad,  as  in  cobaltous  compounds  (Co"0), 
and  hexad  (^pseudo-triad)  in  cobaltic  compounds  (C02O3).  Specific 
gravity,  8*5. 

History. — Since  the  sixteenth  century,  roasted  cobalt  ores  hare 
been  used  for  producing  a  blue  glass.  The  metal  was  discovered  by 
Brandt  (1733).    (Kd/3aXoe  a  goblin.) 

Natural  History. — It  is  never  met  with  in  a  free  state  in  nature, 
except  in  meteoric  iron.  It  occurs  as  an  arsenide,  in  "  tin  white 
cobalt  "  or  sjjeiss  cobalt  (CoAsg),  and  as  an  arsenio-sulphide  in  cobalt 
glance  (CoAsS).  Its  ores  commonly  contain  nickel,  copper,  iron, 
manganese,  etc. 

Preparation. — (l.)  By  heating  cobalt  oxalate  (CoCgO^)  as 
follows  : — 

The  ore  is  first  roasted  (to  get  rid  of  some  of  the  sulphur  and 
arsenic).  The  residue  (zaffre)  is  then  dissolved  in  HCl  with  a  little 
nitric  acid.  HjS  is  passed  through  this  solution  (As,  Cuand  Pb  being 
precipitated).  The  iron  is  again  oxidised  with  nitric  acid,  and  sodium 
carbonate  added  until  the  solution  is  neutral,  FegHgOe  being  precipi- 
tated. To  the  filtered  solution  an  excess  of  sodium  carbonate  is  now 
added,  to  throw  down  the  mixed  carbonates  of  cobalt  and  nickel. 
These  are  converted  into  oxalates,  by  digesting  in  a  strong  solution 
of  oxalic  acid.  The  oxalates  thus  obtained  are  dissolved  in  strong 
ammonia  and  the  solution  exposed  to  the  air,  when  oxalate  of  nickel 
is  precipitated,  and  oxalate  of  cobalt  remains  in  solution.  The  clear 
solution  is  evaporated  to  dryness,  dissolved  in  HCl,  and  reprecipitated 
with  oxalic  acid.  The  cobalt  oxalate  thus  obtained  is  reduced  by 
heating  in  a  crucible  with  dry  common  salt.: 

(2.)  Cobalt  may  be  prepared  from  its  oxide  by  dissolving  in  HCl, 
and  adding  ammonia  in  excess  in  the  presence  of  ammonic  chloride, 
to  precipitate  any  ferric  hydrate  present.  By  exposing  the  clear 
solution  to  air,  and  afterwards  treating  with  HCl  and  boiling,  a  red 
crystalline  compound  of  Co£Cl6(NH3)io  is  obtained,  which  may  be 
reduced  (as  well  as  any  cobalt  oxide  present)  by  heating  in  a  current 
of  hydrogen. 

Properties.— (a.)  Physical.  A  white, hard  metal,  taking  a  high  polish, 
ductile  and  magnetic,  attracted  by  the  magnet  even  when  red  hot.  It 
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is  very  infusible,  although  less  so  than  iron,  and  possesses  great 
tenacity.    Specific  gravity,  8-5  to  8-7. 

(13.)  Chemical.  It  oxidises  when  heated  in  air.  It  is  permanent  in 
dry  air,  but  tarnishes  when  the  air  is  moist.  The  mineral  acids  (even 
when  dilute)  act  on  it  freely,  hydrogen  being  evolved  with  dilute 
sulphuric  or  hydrochloric  acids,  SOg  with  strong  sulphuric  acid,  and 
nitric  oxide  with  nitric  acid,  cobaltous  salts  in  each  case  resulting. 

Compounds  of  Cobalt  (Co =59). 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 


COMPOUNDS. 


Cobaltous  oxide  

_  hydi-ate 
Cobaltic  oxide  (sesquioxide) 

,,  hydrate  

Cobalto-cobaltie  oxide. . 
Cobaltous  chloride 

Cobaltic  chloride  .' 

Cobaltous  sulphide 
Cobaltic  sesquisulphide 
disulphide  .. 
Cobaltous  sulphate 

,,  nitrate  

carbonate    . . 
arsenate 
Silicates  of  cobalt 
Cobaltous  phosphate   . . 
, ,  oxalate  


General 
Formula. 


CoO 
CoH^Og 

COoOg 

CoO.Co^O, 
Co"Cl26H,0 


Molecular 
"Weight. 


Co 
per  cent. 


Co,OL 
CoS 
C02S3 

C0S2 
Co"S0„7H,0 
Co2N03,6H,0 
-     C0CO3  " 
CoaAsjOgSHjO 

COgP^Og 

CoC^O, 


75 
93 
166 

241 
130+108 
331 
91 

123 
155  +  126 
183  +  108 

119 


78-66 

63-  44 
71-08 

73-44 
45-38 
35-64 

64-  83 


38-06 
32-24 


1. 
2. 
3. 
4. 
5. 


Oxides  of  Cobalt, 
Cobaltous  oxide  ... 

„  hydrate 
Cobaltic  oxide 

„  hydrate... 
Cobalto-cobaltie  oxide 


ETC. 

CoO. 

CoCH^O  =  CoHgO^. 

COgOg. 

CO2O3.3H2O  =  COoHgOg. 

C03O4  (or  CogOa.CoO). 


(1  and  2.)  Cobaltous  Protoxide  of  Cobalt  (Co"0). 

Preparation.-The  hydrate  (CoH.O^)  is  prepared  by  adding 
caustic  soda  to  a  solution  of  cobaltous  chloride  and  boiling  The 
precipitate  first  formed  is  a  basic  chloride  (of  a  lavender  colour),  which 
on  boi  iDg  becomes  the  blue  cobaltous  hydrate.  If  this  precipitate  be 
Ignited  with  exclusion  of  air,  it  leaves  cobaltous  oxide  (CoO). 

Properties.—Coh&ltoM^  oxide  is  a  brown-colored  body,  becomin<^ 
cobalto-cobaltie  oxide  (C03O4)  when  heated  in  air.  It  is  soluble  in 
ammonia  and  m  acids,  the  solution  being  blue  when  concentrated,  and 
pink  when  dilute.    It  is  used  for  painting  on  porcelain. 

It  forms  cobaltous  salts  (in  which  the  metal  acts  as  a  dyad)  by  com- 
bination with  acids  (e.g.  Co"C03). 
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(3  and  4.)  Cobaltic  Oxide,  or  sesquioxide  of  cobalt  (C02O3). 

Preparation. — (1.)  (^As  a  hydrate,  CogOajSHgO.)  (a.)  By  passing 
chlorine  through  water  in  which  the  hydrated  cobaltous  oxide  is 
suspended  (3C0H2O2  +  Cl2=  C02H6O6+ CoClg)  ;  or  (/3.)  by  adding  an 
alkaline  hypochlorite  {bleaching  powder')  to  the  solution  of  a  cobaltous 
salt. 

(2.)  {Anhydrous .)  By  gently  igniting  cobaltic  hydrate  or  cobaltous 
nitrate. 

Frope}-ties. — A  black  substance,  insoluble  in  water,  but  soluble  in 
cold  acids.  Heated  to  a  high  temperature,  it  becomes  (CoOjCogOa). 
It  is  a  feeble  base,  the  cobaltic  salts  containing  a  double  atom  of  the 
metal  of  hexad  atomicity.  The  acid  solutions  of  cobaltic  salts 
rapidly  change  to  cobaltous  salts. 

(5.)  Cobalto-cobaltic  Oxide  (C03O4  or  CogOa.CoO).— This  oxide 

is  formed  by  the  action  of  heat  on  the  other  cobalt  oxides. 


(6.)  Cobaltous  Chloride  (C0CI2). 

Preparation. —  (1.)  By  passing  chlorine  over  the  metal. 

(2.)  By  dissolving  the  oxide  in  hydrochloric  acid,  evaporating  and 
drying  at  284°  F.  (140°  C). 

Properties.— The  hydrate  CoClsjGHsO  is  red,  and  the  anhydrous 
cobaltous  chloride  blue.  '■'Sympathetic  ink  "  is  a  dilute  solution  of  this 
salt,  the  changes  of  color  to  which  it  is  subject  being  dependent  on 
different  degrees  of  hydration.  The  addition  of  traces  of  zinc,  iron,  or 
copper  chlorides  varies  the  tints  thus  produced. 

Cobaltous  Bromide  and  Iodide  are  formed  by  digesting  finely 
divided  cobalt  with  iodine  or  bromine  in  water,  and  CobaltOUS 
fluoride  by  acting  on  cobaltous  carbonate  with  hydrofluoric  acid. 

(7.)  Cobaltic  Chloride  (CogClfi)  is  prepared  by  saturating  CoClj 
with  chlorine. 

(8.)  Cobaltous  Sulphide  (CoS)  is  found  native  (Sp.  gr.  5-45).  It 

is  formed  when  sulphur  and  cobalt  are  fused  together.  A  hydrated 
sulphide  (soluble  in  HCl  with  evolution  of  HaS)  is  formed  when 
ammonic  sulphide  is  added  to  a  solution  of  cobaltous  salts. 

(9,  10.)  Other  sulphides,  viz.  CoSg,  C02S3  and  C03S4,  have  been 
obtained. 

(11.)  Cobaltous  Sulphate  (CoSO^VHsO).  It  occurs  native  as  cobalt 
vitriol.    Sp,  gr.  1*9. 

Preparation. — By  dissolving  the  carbonate  or  oxide  in  sulphuric  acid. 

Proi^erties.—Dsx'k  red  crystals,  isomorphous  with  ferrous  sulphate. 
It  forms  double  sulphates  with  the  alkaline  sulphates,  resemblmg  m 
this  respect  zinc  and  certain  other  metals. 

(12.)  Cobaltous  Nitrate  (Co2N03,6H20). 

Preparation.— Bj  dissolving  the  metal,  its  oxide  or  carbonate,  1 
nitric  acid. 
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Properties. — Red  deliquescent  crystals,  soluble  in  water.  It  is  used 
as  a  blow-pipe  reagent  : — Thus  a  zinc  compound,  when  moistened 
with  it  and  heated,  turns  green,  a  magnesium  compound  changing 
pink,  and  an  ahuninium  compound  bkie. 

(13-)  CobaltOUS  Carbonate  (CoCO.,).  A  basic  carbonate  (2C0CO3, 
SCoHoOgjHgO)  is  produced  when  sodic  carbonate  is  added  to  a  solution 
of  a  cobaltous  salt.  The  normal  carbonate  C0CO3  may  be  prepared 
by  heating  cobaltous  chloride  with  a  hydric  sodic  carbonate  solution 
saturated  with  CO2,  and  afterwards  exposing  the  mixture  to  a  low 
temperature. 

(.15.)  Cobalt  Silicates.— 'S'?waZi  is  a  mixed  silicate  of  potash  and 
cobalt.  Preparation. — The  ore  is  roasted  at  a  low  temperature  to 
oxidize  the  cobalt,  and  the  mass  fused  with  sand  and  potash.  (The 
Ni,  Fe,  Ou,  Bi,  etc.,  present,  collects  at  the  bottom  of  the  pot.)  The 
glass  formed  is  then  ground  under  water.  It  contains  from  6  to  10 
per  cent,  of  cobalt. 

The  cobaltic  salts  are  only  known  in  solution.  Certain  double 
cobaltic  salts  of  some  stability  have  been  prepared.  Potassic  cobaltic 
nitrite  (Co3N02,2KN02,H20)  is  a  yellow  crystalline  body,  formed 
when  an  aqueous  solution  of  potassic  nitrite  is  added  to  one  of  a 
cobaltous  salt  acidulated  with  acetic  acid. 

"  Thenai-d's  blue"  is  a  compound  of  cobalt  and  alumina.  "  Zaffre" 
is  a  roasted  mixture  of  cobalt  ore  and  sand.  "  Piiimann^s  green"  is  a 
compound  of  the  oxides  of  cobalt  and  zinc.  "  Smalt "  is  powdered 
glass,  colored  by  oxide  of  cobalt. 

(16.)  Cobaltous  Phosphate  (CogPgOa)  occurs  as  a  rose-red  pre- 
cipitate on  mixing  solutions  of  sodium  phosphate  and  a  cobaltous  salt. 

(17.)  Cobaltous  Oxalate  (C0C2O4)  is  formed  as  a  pink  powder 
when  oxalic  acid  is  added  to  a  cobaltous  salt. 

Cobaltamines. 

Ammonia  Compounds  of  Cobalt. 

The  unstable  cobaltic  chloride  forms,  with  ammonia,  a  series  of 
stable  and  remarkable  compounds,  called  "  cobaltamines,"  which  may 
be  expressed  (whatever  their  real  constitution,  which  is  doubtful)  as 
additive  compounds  of  gaseous  ammonia  with  cobalt  chloride.  Thus 
we  have,  besides  others  — 

(1.)  CoCla.eNHa  (luteo-cobaltic  chloride;. 

(2.)  CoCl3,5NH3  (purpureo-cobaltic  chloride). 

These  bodies  are  formed  by  mixing  an  aqueous  solution  of  cobaltous 
chloride  with  excess  of  strong  ammonia,  exposing  the  solution  to  the 
air,  and  boiling  with  hydrochloric  acid. 

If  the  watery  solution  of  these  chlorides  be  digested  with  silver 
oxide,  an  alkaline  liquid  (the  hydrate)  results,  AgCl  being  preci- 
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pitated.  The  separation,  of  the  base  so  formed  has  not  been  effected, 
as  decomposition,  with  evolution  of  ammonia,  takes  place  so  soon  as 
concentration  is  attempted. 

Further.  The  anhydrous  cobaltons  chloride  absorbs  gaseous  ammo- 
nia, yielding  the  compound  CoClgjBNHa,  which  by  heat  can  be  con- 
verted into  CoCl2,2NH3.  These  compounds  form  double  chlorides 
with  the  chlorides  of  gold  and  platinum.  On  exposure  to  the  air,  their 
solutions  absorb  oxygen,  brown  compounds  {^per oxidized  ammonio-cobalt 
salts)  of  a  very  complex  nature,  consisting  of  ammonia  and  various 
oxides  of  cobalt,  resulting. 

Reactions  of  Cobalt  Compounds. 

Heated  with  sodic  carbonate  on  charcoal,  white  metallic  particles, 
which  will  be  found  to  be  magnetic,  are  formed. 
Flame  and  spectnm. — No  action. 
Borax  bead. — Deep  blue  in  both  flames. 

Caustic  alkalies. — Blue  ppt.,  becoming  red  on  boiling  (CoHoOg)- 

Ammonia  (as  with  caustic  alkalies).  The  precipitate  is  soluble  in 
excess,  the  solution  being  red,  but  becoming  brown  on  exposure.  [No 
ppt.  in  presence  of  ammonia  salts.] 

Sulphuretted  Hjjdrogen. — No  ppt.  in  acid  solution. 

Ammonium  Sulphide. — Black  ppt.  (CoS.HaO),  insoluble  in  alkalies 
or  in  alkaline  sulphides.    Soluble  in  aqua  regia. 

Potassium  Ferrocyanide. — Green  ppt.  (CooFeCys). 

Potassium  Ferricyanide. — Reddish  ppt.  (CogFcoCyig). 

Potassium  Cyanide.— A  pale  brown  ppt.  (CoCyg),  soluble  in  excess 
of  the.KCy  (=2KCy,CoCy2).  [From  this  solution  HCl  precipitates 
CoCya-]  If  the  solution  of  the  double  salt  containing  an  excess  of 
potassic  cyanide  be  boiled,  hydrogen  is  evolved,  and  potassium 
cobalticyanide  (3KCy,CoCy3)  formed  [2KCy,CoCy2  +  2KCy  +  H20  = 
3KCy,CoCy3  +  KHO  +  H].  This  solution  gives  no  ppt.  either  with 
acids,  or  with  ammonic  sulphate,  or  with  sodic  hypochlorite. 

[Note.— With  nickel  the  double  salt  (SKCyNiCyg)  is  formed,  but 
the  solution  is  precipitated  by  acids  (NiCy^),  and  if  boiled  with  sodic 
hypochlorite  gives  a  black  ppt.  of  (NioHeOe)-] 


NICKEL  (Ni). 

Atomic  weight,  58-6.  Atomicity  dyad,  as  in  niclcelous  compounds  (NiCL) 
to  hexad,  and  in  nickelic  compounds  a  pseudo-triad,  the  double  atom 
being  hexvalent  (NioOs). 

History. — Discovered  by  Cronstedt  (1751). 

Natural  History.— It  is  found  as  an  arsenide,  as  kupper-nickel 
(NiAs)  and  as  arsenical  nickel  (NiAsg)  ;  and  also  as  an  arsenio-sulphde 


NICKEL. 
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ill  grey  nickel  ore  or  nickel  glance  (NiAsgjNiSo).  It  occurs  in  meteo- 
rites. It  is  invariably  associated  in  nature  with  cobalt.  A  mineral 
called  garuierite  (nickelous  silicate)  found  in  New  Caledonia  is  however 
said  to  be  free  from  cobalt. 

Preparation. — See  Cobalt  (p.  424).  (1.)  By  roasting  cobalt  ore,  an 
oxide  of  cobalt  is  formed.  When  this  is  fused  with  quartz  and  potassic 
silicate,  it  forms  a  blue  glass  {smalt),  consisting  of  a  mixture  of  the 
silicates  of  cobalt  and  potash.  The  fused  metallic  residue  which  col- 
lects at  the  bottom  of  the  crucible,  constitutes  "  speiss,"  a  mixture  of 
the  sulphides  and  arsenides  of  nickel,  iron,  and  copper.  From  this 
residue  metallic  nickel  is  obtained. 

(2.)  By  igniting  the  precipitated  oxalate  (p.  424). 

Properties.— («.)  Physical.  A  hard,  silvery- white  metal,  ductile 
and  malleable,  more  fusible,  but  of  greater  tenacity  than  iron.  It  is 
somewhat  magnetic,  the  magnetism  being  lost  when  the  metal  is  heated 
to  626°  F.  (330°  C).  Specific  gravity,  8-9. 

(^.)  Chemical.  It  is  permanent  in  air  at  ordinary  temperatures, 
dry  or  moist.  It  oxidizes  when  heated  in  air.  It  decomposes  steam 
at  a  red  heat,  becoming  NiO.  Dilute  nitric  acid  dissolves  it  readily. 
Strong  nitric  acid  changes  it  into  a  passive  condition,  as  in  the 
case  of  iron  (p.  404).  Hydrochloric  and  dilute  sulphuric  acids  dissolve 
it  slowly,  hydrogen  being  evolved.  It  is  acted  on  by  both  chlorine  and 
bromine. 

Uses- — For  rendering  brass  (an  alloy  of  copper  and  zinc)  white 
{German  silver,  pachfong,  tutenag).  For  nickel-plating,  the  deposit  of 
the  metal  being  effected  by  precipitating  it  with  the  galvanic  current 
from  the  double  cyanide. 

Compounds  of  Nickel  (Ni=59). 


1 

2 
3 
4 
6 

6 
7 
8 
9 
10 
11 
12 


COMPOUNDS. 


Ordinary 
Formula. 


Nickelous  oxide 
Hydrated  nickelous  oxide 
Nickelic  oxide,  etc. 

„      hydrate  . . 
Nickelous  chloride,  etc. 

sulphide 
Nickelic  sulphide  . . 
Nickelous  sulphate 

„        nitrate  ..  .. 

carboQate 
„  phosphate 
arsenate.. 


NiO 
NiH^O^ 
NijOj 
Ni^H^Og 
NiClj  [NiBrj ; 
Nilj ;  NiF„] 
NiS 
NiSj 
NiSO^THjO 
Ni2N03,6H„0 
NiCOj 
Ni^PjOg 
NijAs^Og.SHjO 


3 

■1^ 


1^' 


75 
93 
166 

130 

91 

123 
165+126 
183  +  108 

119 


u  !> 

ft  M 


Ni 


5-75 


2-037 


78-67 

63-  44 
71-08 

45-38 

64-  83 

38-06 
32-24 
49-67 
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Compounds  of  Nickel  avith  Oxygen,  etc. 

Nickelous  oxide     ...         ..        ...        •••  NiO. 

„       hydrate   NiHgOj. 

Nickelic  oxide       ...       •■•       •••  NigOs. 

„     hydrate    ...        ...        ...        ...  NigHgOg. 

{1,2.)  Nickelous  0:KiAe. -{Protoxide  of  NicTcel)  (NiO).  Found 
native. 

Preparation. — (1.)  {Anhydrous.)  By  the  ignition  of  the  nitrate  or 
carbonate. 

(2.)  {As  a  hydrate,  NiHeOg.)  By  adding  potassic  hydrate  to  a 
boiling  solution  of  a  nickelous  salt. 

Properties. — The  hydrate,  as  well  as  its  solution  in  acids,  is  green. 
It  is  soluble  in  ammonia  and  in  ammonic  chloride,  but  is  insoluble  in 
sodic  and  potassic  hydrates. 

(3.)  Nickelic  Oxide  (NioOg).  A  black  powder,  prepared  by  care- 
fully heating  the  nitrate.  Forms  no  salts  with  acids.  Soluble  in 
hydrochloric  and  sulphuric  acids  with  evolution  of  chlorine  and  of 
oxygen  respectively.    Soluble  in  ammonia,  with  evolution  of  nitrogen. 

The  hydrate  (NigHgOe)  is  prepared  by  passing  chlorine  through 
water,  in  which  the  nickelous  hydrate  is  suspended,  or  by  precipi- 
tating a  salt  of  nickel  with  sodium  hypochlorite.  It  is  a  black 
powder,  decomposed  by  heat. 

(5.)  Nickelous  Chloride  (NiClg).  Preparation.— "^j  dissolving 
the  oxide  or  carbonate  in  hydrochloric  acid,  and  evaporating  to  dry- 
ness.  Small  green  crystals  (NiClo,6H20 ),  becoming  yellow  when  dried. 

Note.— Nickel  yields  no  ammonium  compounds  corresponding  to 
the  cobaltamines  (p.  427). 

Nickelous  Bromide  and  Iodide  are  prepared  by  heating  the  metal  in 
the  vapor  of  bromine  and  iodine  respectively.  The  fluoride  (NiFg)  is 
prepared  by  evaporating  down  a  solution  of  the  carbonate  in  hydro- 
fluoric acid. 

(6)  Nickelous  Sulphide  (NiS)  occurs  native  as  "millerite"  or 
"capillary  pyrites."  It  is  prepared  when  nickel  and  sulphur  are  heated 
together,  and  is  precipitated  as  a  hydrate  by  the  action  of  an  alkaline 
sulphide  on  a  salt  of  nickel.    It  oxidises  slowly  by  exposure  to  air. 

(7.)  Nickelic  Sulphide  (NiSo). 

Preparation.— Bj  fusing  a  mixture  of  the  carbonate  with  sodium 
carbonate  and  excess  of  sulphur.    A  dark  iron-grey  powder. 

(8.)  Nickelous  Sulphate  (NiSO^JHoO).  . 

Preparation.— Bj  dissolving  the  metal,  its  oxide  or  carbonate,  in 

sulphuric  acid.  .      n      i  n„  in 

Properties.-A  green  crystalline  salt  (rhombic  P"S°^«)'/^^^;7/_%'" 
water  (1  in  3  aq.  at  60°  F.),  and  insoluble  in  alcohol.  At  104  1 .  (40  b.; 
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it  becomes  NiS04,6H20.  It  forms  double  salts  with  alkaline  sul- 
phates, isomorphous  with  the  corresponding  magnesium  salts.  The 
ammonic  nickelous  sulphate  is  used  in  electroplating.  The  anhydrous 
salt  absorbs  ammonia,  forming  NiS04,6NH3. 

(9.)  Nickelous  Nitrate  (Ni2N03,6H20). 

Preparation. — By  dissolving  the  metal,  its  oxide  or  carbonate,  in 
nitric  acid.    The  crystals  are  soluble  and  deliquescent. 

Nickelous  Nitrite  (Ni2N02)  forms  reddish-yellow  crystals.  The  salt 
may  be  prepared  by  decomposing  the  sulphate  with  barium  nitrite. 

Reaction  of  Nickel  Compounds. 

Heated  with  sodium  carbonate  on  charcoal  in  the  reducing  flame, 
nickel  compounds  yield  white  magnetic  particles  of  the  metal. 

Borax  bead. — In  oxidizing  flame,  the  bead  becomes  violet  whilst 
hot,  and  reddish-brown  when  cold  ;  in  the  reducing  flame,  the  bead 
becomes  grey  from  the  separation  of  nickel. 

Non-luminous  flame — No  action. 

[Anhydrous  compounds  are  yellow.  The  crystals  (aquates)  apple- 
green.] 

Caustic  Alkalies  ;  pale  green  ppt.  (NiHgOo),  not  altered  by  exposure 
nor  by  boiling. 

Ammonia;  pale-green  ppt.  (NiHoOg),  soluble  in  excess,  the  solution 
becoming  of  a  deep  blue  color.  [No  ppt.  in  the  presence  of  ammonium 
salts.] 

Sulphuretted  Hydrogen — No  ppt.  in  acid  solutions. 

Ammonic  Sulphide.— K  black  ppt.  (NiS,H„0),  slightly  soluble  in 
excess  (ppt.  not  very  soluble  in  dilute  HCl). 

Potassium  Ferrocyanide.—A.  greenish  ppt.  (NigFeCyg). 

Potassium  Ferricijanide. — A  yellowish-brown  ppt.  (Ni-jFcoCyia). 

Potassium  Cyanide.— A  yellowish  ppt.  (NiCys),  soluble  in  excess 
from  the  formation  of  a  double  salt.  From  this  solution  the  NiCy„  is 
re-precipitated  by  acids  as  NiCyg,  or  if  heated  with  sodic  hypochlorite, 
the  nickel  is  precipitated  as  a  black  nickelic  hydrate.  (Confer  Cobalt, 
p.  428."/ 

URANIUM  (U). 

Atomic  weiffht,  2S8-5.    Atomicity,  tetrad  in  uranous  compounds  (as  UOg  ; 
UCI4),  and  hexad  in  uranic  comjwunds  (as  UO3). 

History.— Discovered  by  Klaproth  (1789)  in  pitchblende.  Isolated 
•^y  Peligot  (1842). 

Natural  History. — Not  found  native.  It  occurs  as  an  oxide 
(pitchblende,  UO,2U203  =  JJ,0^  with  Cu,  Pb,  Fe,  As,  etc.),  and  alsa 
as  a  phosphate  (uranite  and  chalcolite)  and  carbonate  (liebigite). 

Preparation.— By  decomposing  the  chloride  with  metallic  sodium 
or  potassium,  using  potassic  chloride  as  a  flux. 
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Properties. — A.  grey,  silvery,  somewhat  malleable  metal.  Sp.  gr. 
18'4.  It  is  but  very  slightly  oxidized  by  air  or  by  water  at  coramoa 
temperatures,  but  burns  in  air,  when  heated  yielding  U3O8.  It  is  soluble 
in  sulphuric  and  hydrochloric  acids.  It  does  not  decompose  water 
even  at  its  boiling  point.  It  combines  energetically  with  sulphur  and 
chlorine. 

Certain  theoretical  considerations  (viz.,  its  specific  heat,  the  vapor 
density  of  several  of  its  compounds,  and  its  position  in  Mendeleef's 
table)  have  led  chemists  to  double  the  former  atomic  weight  (at  one 
time  given  as  60,  and  another  time  120)  of  uranium  (page  55).  As 
vet  the  specific  heat  has  not  been  determined.  Mendeleef,  it  will  be 
noted,  makes  it  an  analogue  of  chromium,  molybdenum  and  tungsten. 

Uses. — III  enamel  painting,  and  for  coloring  glass  for  optical  and 
electrical  purposes. 


Compounds  of  Uranium  (U  =  240). 


1 
2 
•3 
•4 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 


COMPOUNDS. 


(Uranous  oxide 
Uranic       , , 
uxiaes . .  *.  Peruranic  anhydride   . . 

I  (green  oxide) 

\       „      (black  oxide) 
I  Uranous  chloride  , . 
Chlorides  |  Uranic  „ 

(     ,,  Fesquichloride 
Uranous  bromide  . . 

,,      fluoride  . . 
Uranium  oxj'chloride 
, ,  oxybromide 
, ,  oxyfluoride 
n  1  (  Uranous  sulphide. . 

S^Wes  J  xjranylic       „  .. 

i  Uranous  sulphate . . 
Oxy-salts  !  Uranic  (nylic)  sulphates 
I     ,,  ■      pyiosulphate  . . 


Ordinary 
Formula. 


UO2 
UO3 
UO4 

U,0, 

UCl, 

UCL 

U,C1, 

UBr, 

UF, 
UCI5O2 
UBrjOj 
UF0O2 

USj 
(UOj)S 
U2SO4 
(U0,)"S0,3H20 


Molecular 
"Weiffht. 


272 
288 
304 


382 

437-5 

713 


304 


Compounds  of  Uranium. 

(1.)  Uranous  Oxide  (UO2).  A  brown  powder,  produced  when 
the  higher  oxides  are  heated  in  a  current  of  hydrogen.  It  is  insoluble  m 
dilute  HCl,  but  soluble  in  strong  acids,  from  which  solutions  uranous 
hydrate  (UH4O4)  is  precipitated  on  the  addition  of  alkalies. 

When  UO2  is  heated  in  a  current  of  chlorine,  an  oxychloride 
(uranylic  chloride,  UOoCle)  is  formed.  This  compound  forms  well- 
marked  double  salts  with  alkaline  chlorides  (e.g.,  U02Cl2,2KCl,2H20). 

(2 )  Uranic  Oxide  (uranic  anhydride)  (UO3).  A  brown  powder, 
produced  when  the  nitrate  is  heated  to  482°  F.  (250°  C).  It  can  play  the 
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ptirt  of  both  acid  and  base.  As  an  acid  it  unites  with  alkalies  to  form 
a  class  termed  the  uranates.  As  a  base  it  combines  with  acids  to  form 
salts,  the  radical  urauyl  (UO2),  actiug  as  a  dyad  metal. 

The  oxides  of  urauium  have  therefore  to  be  regarded  from  two 
points  of  view  :  (A)  as  acids,  and  (B)  as  bases. 

(A.)  The  Uranates. — These  are  salts  where  uranic  oxide  (UO3)  unites 
with  strong  bases  and  plays  the  part  of  an  acid  {e.  g.  K2U2O7,  or 
KoO,2U03,  potassic  uranate,  a  salt  corresponding  to  potassic  bichro- 
mate, E:20,2Cr03).  All  the  uranates  are  insoluble  in  water.  The 
ammonium  salt  dissolves  in  a  cold  solution  of  ammonic  carbonate, 
and  on  ignition  leaves  the  green  oxide  UgOa.  The  sodium  salt 
known  as  uranium  yellow  (Na20,2U03),  prepared  by  fusing  uranic 
oxide  with  sodic  carbonate,  is  used  in  the  preparation  of  uranium 


glass. 


Certain  peniranates  {e.g.  sodic  peruranates  2Na20,U04),  are  said 
to  have  been  prepared  by  the  action  of  peroxide  of  hydrogen  upon 
alkaline  solutions  of  uranic  salts. 

^  (B.)  Uranyl— It  was  noted  by  Peligot  that  the  oxide  UOg  was 
disposed  to  act  as  a  dyad  metallic  element,  the  normal  uranic  salts 
being  formed  by  a  combination  of  UOg  with  two  molecules  of  a  mono- 
basic acid.    To  this  dyad  radical  he  gave  the  name  Uranyl,  e.g.— 

(UO2)"  2N03,6H20=-Uranic  (uranyl)  nitrate. 
(UOs)"  S04,3H20=     „  „  sulphate. 

(UO2)"  HP0„4H20=  „  „  phosphate. 

(U02)K22S042H20=  „  „         potassic  sulphate. 

To  express  this  view  of  their  constitution,  the  uranic  salts  have 
been  called  uranyl  salts. 

The  uranyl  acetate  [(U02)(C2H302)o]  is  used  for  the  quantitative 
estimation  of  phosphoric  acid,  forming  in  the  presence  of  ammonium 
chloride,  the  insoluble  uranyl  ammonium-phosphate  [(U02)NH4P04]. 

(4,  5.)  Oxides  of  the  composition  U303=U02  +  2UO3  (green  oxide,  or 
sesquioxide  of  uranium),  prepared  by  gently  heating  UO2  or  UO,  in 
air;  and  U205(=U02-f-U03)  (black  oxide  of  uranium),  prepared  by 
strongly  heating  the  other  oxides  of  uranium  in  air,  are  known. 

(6,  8.)  Uranous  Chloride  (UCI4)  is  a  dark  green,  deliquescent, 
volatile  and  crystalline  body,  prepared  by  heating  any  of  the  uranium 
oxides  mixed  with  carbon  in  a  current  of  dry  chlorine.  Its  solutions 
absorb  oxygen  from  the  air.  By  heating  UCI4  in  a  current  of  hy- 
fomed'  '^^'^^  "^^^"^^^  crystals  of  the  sesquichloride  (UgCle)  are 

(7.)  Uranic  Chloride  (UCI5).  A  volatile  deliquescent  solid,  pre- 
pared along  with  UCI4  by  the  process  described  above,  provided  the 
temperature  be  not  so  high  as  to  effect  decomposition.    At  248°  F. 
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(120°  C.)  it  is  decomposed  into  UCI4  and  free  chlorine.  When  heated 
in  dry  ammonia,  a  uranium  nitride  is  said  to  be  formed. 

(14.)  Uranous  Sulphide  (US2)  may  be  prepared,  both  in  a  crystalline 
and  an  amorphous  form,  by  the  action  of  HgS  on  uranous  chloride. 
When  exposed  to  the  air  HjS  is  evolved. 

(15.)  Uranic  (-nylic)  Sulphide,  (UOo)S,  a  black  powder,  formed  by 
the  action  of  ammonic  sulphide  on  uranic  nitrate.  Soluble  in  ammonic 
carbonate. 

Reactions  of  Uranium  Compounds. 
Non-luminous  flame.    No  action. 

To  the  bora,x  bead,  uranium  imparts  a  yellow  color  in  the  oxidizing 
flame,  and  a  green  color  in  the  reducing  flame.  Fluorescent  in  bright 
light. 

Solution. — (A.)  Ukanous  Compounds  (generally  of  a  green  color). 
(1.)  Alkalies. — A  gelatinous  brown  ppt.  (UH4O4), becoming  after  a 
time  yellow  (UO3). 

(2.)  Ammonic  sulphide. — A  black  ppt.  (US2). 
(B.)  Uranic  Compounds  (yellow  color). 

(1.)  Ammonia  and  caustic  alkalies. — A  yellow  ppt.  of  an  alkaline 
uranate. 

(2.)  Ammonic  sulphide. — A  yellowish  brown  ppt.  (HgS  gives  no  ppt. 
in  acid  solutions). 

(3.)  Ammonic  carbonate. — A  yellow  ppt.  [(U02)C03  +  2NH4C03], 
slightly  soluble  in  water  and  in  an  excess  of  precipitant. 

(4.)  Potassic  ferrocyanide. — A  reddish  brown  precipitate. 

[To  detect  uranium  in  a  mineral,  dissolve  the  mineral  in  nitric  acid, 
dilute  the  solution  with  water,  boil  with  an  excess  of  sodic  carbonate, 
filter,  and  precipitate  the  U2O3  with  potassic  hydrate.] 

INDIUM  (In). 

Atomic  weight,  113-4.  Specific  gravity,  7-4:.  Fuses  at  349°  F.  (176°  C)- 
Atomicity  ("'),  triad  as  in  InCls.    Specific  heat,  0-057. 

History. — Discovered  (1863)  by  Reich  and  Richter  in  the  Freiberg 
zinc  blende  by  its  peculiar  spectrum,  viz.,  the  occurrence  of  two 
bright  lines  in  the  blue  and  indigo.  Formerly  the  atomic  weight  of 
indium  was  stated  as  76,  its  atomicity  as  a  dyad,  and  its  oxide  as  InO. 
A  gap,  however,  was  noted  by  Mendeleef  between  arsenic  and  selenium 
which,  under  certain  circumstances,  indium  would  fill.  He  therefore 
assumed  its  atomic  weight  to  be  114,  and  ln„0^  as  the  oxide,"  thus 
bringing  it  into  Series  7,  and  assigning  it  a  place  as  an  analogue  of 
aluminium.  Bunsen  has  confirmed,  from  the  specific  heat  of  indium, 
the  correctness  of  Mendeleef's  predictions. 

Natural  History. — Indium  is  found  in  zinc  blende  and  in  other 
zinc  ores ;  also  in  the  flue  dust  of  zinc  furnaces. 
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Extraction. — -The  blende  is  first  acted  upou  witli  dilute  sul- 
phuric acid  in  quautity  insufficient  to  effect  complete  solution.  The 
undissolved  residue  is  then  dissolved  in  nitric  acid,  and  the  solution 
boiled  -with  sulphuric  acid  until  the  nitric  acid  is  expelled.  Any 
plumbic  sulphate  present  is  now  thrown  down  by  adding  an  excess  of 
water  to  the  solution.  The  clear  filtrate  is  then  treated  Avith  an  excess 
of  ammonia,  and  a  hydrochloric  acid  solution  of  the  precipitate  (In 
and  Fe)  boiled  with  sodic  sulphite.  The  precipitate  thus  obtained  is 
a  basic  indium  sulphite.  This  is  dissolved  in  hydrochloric  acid  and 
precipitated  with  ammonia,  the  indium  hydrate  formed  being  reduced 
in  hydrogen. 

The  oxide  may  also  be  reduced  by  heating  with  metallic  sodium. 

Properties. — Indium  is  a  white  or  lead-like  metal,  non-crystalline, 
soft,  and  ductile.  It  is  less  volatile  than  zinc  or  cadmium,  but  may  be 
distilled.  It  burns  at  a  red  heat  with  a  violet  flame,  forming  the  yellow 
indium  oxide  {In^O^.  It  does  not  oxidize  readily  below  a  red  heat. 
It  dissolves  in  acids.  It  is  very  soluble  in  nitric  acid,  and  slightly 
soluble  both  in  dilute  HCl  and  II2SO4,  in  the  latter  case  with  evolution 
of  hydrogen  which,  if  lighted,  will  be  found  to  burn  with  a  blue 
flame.    The  metal  has  no  action  on  water,  even  at  its  boiling  point. 

Sulphuretted  hydrogen  precipitates  a  yellow-colored  sulphide  (lugSg) 
in  neutral  solutions,  or  in  solutions  containing  acetic  acid.  The 
alkalies  and  their  carbonates  give  white  precipitates. 
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COMPOU:^DS. 


Indium  oxide  (yellow  oxide) 


Indium  hydrate  . . 

Indium  chloride  . . 
[Bromide  and  iodide 
analogous  to  chloride]. 
Indium  sulphide  . .    , . 


Indium  nitrate 
sulphate 
„  sulphite 
),  alum 


Common 
FormulsB. 


iDjOg 


In,HgO, 


In,CL 


In^Sg 


InSNOj,  mfi 
In.,(S0,,),,9H,0 
2In„03,3S02,8H„0 

S0„2lH,0. 


A  pale  yellow  powder,  prepared 
hy  hurning  the  metal  in  air, 
or  hy  heating  the  hydrate  or 
nitiate. 

Prepared  hy  adding  NH4HO  to  a 
solution  of  an  indium  salt.  A 
white  gelatinous  ppt. 


Prepared  by  direct  union  at  a  red 
heat,  or  hy  the  action  of  HjS 
on  a  neutral  solution  of  an 
indium  salt.  A  yellow  pow- 
der. 
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Reactions  of  Indium  Compounds. 

Heated  in  a  Buuseii,  iadiuin  salts  impart  a  blue  color  to  the  flame. 
Spectrum.    Au  intense  line  in  the  indigo,  and  also  one  in  the  violet. 

1.  The  metal  is  precipitated  from  a  solution  of  its  salts,  by  the 
action  of  metallic  zinc  or  cadmium. 

2.  Boiled  with  an  excess  of  acid  sodic  sulphite,  a  precipitate  is 
thrown  down  of  sulphite  of  indium  (2In203,3S02,8H20). 

3.  Sidphuretted  hydrogen;  a  yellow  precipitate  (lugSa)  in  neutral 
solutions,  or  in  solutions  containing  acetic  acid. 

4.  Alkaline  hydrates  and  carbonates;  a  white  precipitate  (IngHgOc); 
soluble  in  excess  of  ammonic  carbonate,  or  of  the  fixed  alkaline 
hydrates,  but  reprecipitated  on  boiling. 

5.  Heated  on  charcoal,  a  ductile  metallic  bead  of  the  metal  may  be 
obtained. 


CHAPTER  XVI. 


Group  IV.— THE  METALS  OF  THE  EARTHS. 

ALUMIXItlM-GALLmM-BERYLXITTM-YTTRI-aH-ERBIUM-CEEIUM-LANTHAN™- 
DlDYMiyM-THOBIVM-ZlKCONIUM-TEEBIUM-TTTERBIUM-DECIPIUM-SAMA- 

RiuM— Scandium. 

ALUMINIUM  (Al). 

Atomic  weight,  27-o.    Specific  gravity,  2-6.    Fuses  at  842°  F.  (450°  C). 
Atomicity  pseudo-triad.    Specific  heat,  0-2143. 

History.-Discoyered  by  Wohler,  1828.    Obtained  in  quantity  by 
DeviUe  in  1854.  ^ 

Natural  History— it  is  never  found  free  in  nature.  Next  to 
:  sihca,  aluminium,  as  clay  {silicate  of  alumina),  is  the  most  abundant  of 
.mmerals.  As  an  oxide  (ALO3),  it  occurs  in  corundum,  ruby,  and 
*  sapphire.  Although  it  has  been  found  in  certain  cryptogamous 
ipjants,  It  can  scarcely  be  regarded  as  a  constituent  either  of  the  animal 
I  or  vegetable  kingdoms. 

Preparation— (1.)  By  decomposing  aluminium  chloride  (ALCh) 
iwith  sodium  or  potassium  (Wohler).  ' 

•^^■^  ^ll^^'^'^'^'^^y'^'  «f  tl^e  double  chloride  of  sodium  and  alu- 
«nm,um  (2NaCl,  Al.Cl^).  (The  double- salt  is  more  fusible  and  less 
^volatile  than  the  simple  chloride.) 

(3.)  (Commercial.)  5a.mY.  (Al,03,Fe,03,2H,0),  a  mineral  containing 
per  cent,  of  Al.Oa,  is  heated  with  soda  ash,  an  aluminate  of  soda 
bemg  formed  (Na,0,Al,03).  This  is  dissolved  in  water,  and  CO, 
passed  through  the  solution,  when  alumina  is  precipitated  as  a 
'ydrate  (Al.O.SH.O).  The  dried  precipitate  is  now  mixed  with 
common  salt  and  carbon,  and  chlorine  passed  over  the  white-hot 
n.xture  a  sodium  aluminium  chloride  (2]S\aCl,Al,Cl6)  distilling  over. 

VI  F  «v*;.T.i'''''.  ^^'^P^^^'^^^  ^'^'^  "'ethnic  sodium   and  cryolite 
^  .p6,6x\aF),the  latter  being  added  as  a  flux,  metallic  aluminium 
termed,  together  with  sodium  chloride. 

PropertieS.-(a.)  Physical.  A  white,  malleable,  ductile  metal,  crys- 
a  imng  in  regular  octahedra.  Its  electric  conductivity  is  about  one- 
"■rd  that  of  silver.    It  is  a  very  light  metal  (Sp.  gr.  2-5),  remarkably 
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sonorous,  and  slightly  magnetic.  It  melts  when  heated,  but  is  not 
volatile. 

(/3.)   Chemical.    It  does  not  oxidise  readily  either  in  steam  or  in 
hot  or  cold  air,  it  being  the  lightest  metal  known  difficult  of  oxida- 
tion.   It  does  not,  when  pure  and  free  from  sodium,  decompose  water, 
even  when  red-hot.    It  burns  in  oxygen  (forming  ALOs),  and  in  the 
vapor  of  sulphur  (forming  ALS3).    Sulphuretted  hydrogen  is  without 
action  upon  it ;  hence  its  value  for  ornaments.    Nitric  acid  does  not 
attack  it  in  the  cold,  and  but  very  slightly  even  when  boiling.  Hydro- 
chloric acid,  cold  or  hot,  dissolves  it  freely  (AU  +  6HC1  =  AlgClg  + 
3H„),    Sulphuric  acid  and  also  organic  acids  in  the  presence  of 
common  salt,  dissolve  it.    Caustic  alkalies  act  energetically  upon  it, 
liberating  hydrogen.    It  combines  with  carbon  and  with  silica.  It 
forms  alloys  with  silver,  iron,  and  copper.    "Aluminum  bronze"  is  an 
alloy  of  copper  (90  parts)  and  aluminium  (10  parts),  having  the  color 
of  gold,  with  twice  the  tenacity  of  gun  metal.    Aluminium  does  not 
form  an  alloy  with  lead,  nor  an  amalgam  with  mercury. 
Aluminium  forms  but  one  oxide,  and  no  carbonate. 


1 

2 
3 
4 
5 
6 
7 
8 

9 
10 
11 


Compounds  of  Aluminium  (Al  =  27-5). 


COMPOUNDS. 


Formulae 
(Common). 


Aluminium  oxide  (alumina) 

, ,  chloride 

, ,  hromide 

, ,       iodide   . . 

, ,       fluoride  . . 

, ,  sulphide 

, ,  sulphate 

, ,  potassic 

(alum) . . 
nitrate  .. 

,,  phosphate 

, ,  silicates 
i  Potash  alum . . 
I  Ammonia  alum    . . 
I  Soda  alum    . . 


sulphate 


ALO 


2_  3 


Al,Cle 
Al^Br, 
AIJ, 


6 


A1,F, 

AljSSO^lSHaO 

KA1,4S04,24H20 
AL6NO3I8H2O 
Al^lPO,), 


Molecular 
Weight  of 
Anhydrous 
Compound. 


103 
268 
635 
817 

151 
343-^324 

617+432 
427+324 
245 


Specific 
Gravity 
(Crystal). 


(1.)  Aluminium  0xide.-4^..«m.(ALO3).  Th.s  - the  only  oxid 

of  aluminium.    It  occurs  native  as  "corundum"  (the  ^^^^  ^la 
body  to  the  diamond),  as  "emery,"  as  the     r^by  "  (colored  w  *b; 
chromium  salt),  as  "  sapphire"  (probably  colored  with       ^^1^)' ^ 
"spinelle"  (MgCAl^),  and  as  "topaz"  (a  compound  of  a  nmi 
silica,  and  aluminium  fluoride).  HydrargilUte,  Bmxite  ^^^^f^^n^fr 
HoO)  and  Gibbsite  (AU03,3HeO)  are  native  hydrates.  J^menj 
alumina  mixed  with  sand  and  iron. 


COMPOUNDS  OP  ALUMINIUM. 


439 


Preparation.— (I.)  (As  ft  hydrate,  Alo03,3HoO=A]2H606.)  By  add- 
ing ammonia  to  an  alum  solution. 

(2.)  (As  amorphous  ALOg.)  By  the  ignition  of  the  hydrate  or  of 
ammonia  alum. 

(3.)  (As  crystalline  AlsOg.)  By  the  action,  at  a  high  temperature, 
of  boric  anhydride  on  aluminium  fluoride,  or  by  heating  a  mixture  of 
barium  fluoride  and  alumina. 

Artificial  gems  have  been  formed  by  heating  a  mixture  of  alumina 
and  red  lead,  whereby  a  crystalline  alumina  is  formed,  which,  with 
2  or  3  per  cent,  of  potassium  bichromate  and  barium  fluoride  give 
ruby  crystals,  and  with  cobaltous  oxide  crystals  of  a  sapphire  tint. 

Properties.— The  hydrate  when  first  precipitated  is  a  bulky  trans- 
parent gelatinous  precipitate,  contracting  when  dried  at  ordinary  tem- 
peratures to  a  gummy  hygroscopic  mass  (Al2H606,2H20).  This  com- 
pound on  ignition  at  572°  F.  (300°  C.)  becomes  AlsO.^HgO.  It  ab- 
sorbs a  large  quantity  of  heat  in  losing  water,  on  account  of  which 
property  it  is  used  for  filHng  the  space  between  the  iron  plates  of  fire- 
proof safes.  The  hydrate  (AlgHsOg),  is  very  soluble  in  acids  as  well 
as  in  solutions  of  the  caustic  alkalies,  but  the  anhydrous  oxide  (AloOg), 
is  almost  insoluble  in  acids  as  well  as  in  alkalies.  Alumina  fuses  at  the 
heat  of  the  oxyhydrogen  blowpipe,  forming  a  colorless,  transparent  mass. 

When  freshly  precipitated,  the  hydrate  dissolves  in  a  solution  of 
aluminium  chloride,  from  which  the  hydrochloric  acid  may  be  dialysed 
out,  colloidal  alumina  (AlgHgOe)  remaining  on  the  dialyser  in  solution. 
This  solution  of  colloidal  alumina,  like  that  of  dialysed  iron  (p.  406), 
is  very  unstable,  for  if  it  be  allowed  to  remain  exposed  to  air, 
coagulation  slowly  occurs,  such  change  being  immediate  on  the  addi- 
tion of  an  acid,  an  alkali  or  a  salt,  to  the  solution. 

Alumina  is  capable  of  acting  both  as  a  base  and  as  an  acid.  Thus, 
as  a  feeble  base  it  forms  salts  with  acids  {e.g.,  aluminic  sulphate, 
-^gOs.^SOg).  These  salts  have  an  acid  reaction,  and  are  easily  de- 
composed. As  a  feeble  acid  it  combines  by  fusion  with  basic  oxides, 
forming  a  class  of  soluble  salts  known  as  "the  aluminates"  (e.g., 
sodium  aluminate,  NaeO.AlgOa).  Thus  the  spineUe  ruby  is  a  mag- 
nesium aluminate  (MgO,Al203),  gahnite  a  zinc  aluminate  (ZnO, 
AlgOa),  chrysoberyl  a  beryllium  aluminate  (BeO,Al203).  A  potassium 
aluminate  has  also  been  obtained  (KgOjAlgOa). 
Alumina  combines  with  silica  to  form  clay. 

Aluminium  hydrate  combines  with  certain  organic  coloring  matters, 
forming  a  class  of  pigments  called  "lakes."  Thus  alum  is  used  as  a 
mordant  to  fix  coloring  matters  on  fibres  having  no  direct  afiinity  for 
such  coloring  matters. 

(2.)  Aluminium  Chloride.— (AloClg).    Specific  gravity  of  vapor, 
9'27. 

Preparation. — (1.)  By  passing  chlorine  over  a  mixture  of  carbon  and 
alumina  heated  to  redness  (AI2O3  +  C3  +  3CI2  =  AleClfi-l- 3C0). 
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(2.)  By  heating  clay  in  a  mixture  of  hydrochloric  acid  gas  and  the 
vapor  of  carbon  disulphide. 

[Note. — Alnmininm  chloride  cannot  be  prepared  by  dissolving 
AlgOs  in  HCl,  and  evaporating  the  solution  to  dryness.  A  hy- 
drate of  alnmininm  chloride  (Al2C]g,12H20)  is  no  doubt  formed  in 
the  solution,  but  this  on  evaporation  evolves  HCl,  leaving  a  residue 

of  AlgOg.] 

Properties. — A  white  (colored  only  if  it  contains  impurities),  crystal- 
line, deliquescent  body,  emitting  fumes  of  HCl  when  exposed  to  the 
air.  It  is  soluble  in  alcohol,  and  dissolves  with  a  hissing  noise  when 
placed  in  water.  It  sublimes  before  melting,  but  may  be  fused  under 
the  pressure  of  its  own  vapor.  It  combines  with  ammonia,  with  phos- 
phoretted  hydrogen,  and  with  sulphuretted  hydrogen.  It  forms  com- 
pound chlorides  when  heated  with  the  chlorides  of  other  elements 
{e.g.,  Al„Cl5,2KCl). 

"  Chloralum  "  is  an  impure  aluminium  chloride. 

The  Sulphide,  Bromide,  and  Iodide  of  Ahminium  may  severally  be 
formed  by  direct  union. 

(5.)  Aluminium  Fluoride  (AUFg)  is  found  native  as  cryolite 
(6NaF,AloF6),  and  as  topaz,  [2(Al203,Si02),Al„03SiF4l. 

(7.)  Aluminium  Sulphate  (Al23S04,18H20)  may  be  obtained  by 
dissolving  alumina  in  sulphuric  acid.  It  is  'prepared  commercially  by 
dissolving  aluminium  hydrate,  obtained  from  cryolite  or  bauxite 
(taking  care  the  mineral  is  free  from  iron),  in  sulphuric  acid,  or 
by  boiling  china  clay  (hydrated  aluraiuium  silicate)  with  sulphuric 
acid.  The  clear  solution  thus  obtained,  having  been  freed  from  iron 
by  potassic  ferrocyanide  and  evaporated  to  a  syrup,  is  known  to  the 
dyers  (by  whom  it  is  used  as  a  mordant)  and  to  the  paper-makers  (by 
whom  it  is  used  for  weighting  purposes),  as  "  concentrated  alum,"  or 
when  reduced  to  the  solid  state  as  cake  alum."  The  crystals  are 
exceedingly  soluble  in  water  (1  in  2  parts  by  weight).  Basic  sulphates 
have  been  prepared  by  boiling  aluminium  sulphate  with  the  freshly- 
prepared  hydrate. 

THE  ALUMS. 

These  are  double  sulphates,  i.e.,  sulphate  of  alumina  with  a  sulphate 
of  potash  (forming  potash  alum),  or  of  ammonia  (forming  ammonia 
alum),  of  soda,  of  thallium,  of  silver,  etc.  The  alumina  is  the  valuable 
ingredient  in  commercial  alums.. 

But  the  term  "  alums  "  designates  a  class,  rather  than  bodies  con- 
taining aluminium  or  its  compounds.  Thus  in  potash  alum,  which 
has  the  formula  K0AI24SO4,  not  only  may  the  Kg  be  replaced  by 
Na2,  or  by  (NH4)2,  etc.,  but  the  AU  may  also  be  replaced  by  such  groups 
as  Gr2,  or  by  Fcg,  or  by  Mn2,  etc.  Thus  we  speak  of  chrome  alum  (KoCrj 
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4SO4),  although  the  compound  contains  no  aluminium.  The  alums 
contain  two  metals,  therefore,  either  of  which  may  be  replaced  by  iso- 
morphons  metals,  yielding  compounds  analogous  to  common  alum,  and 
crystallizing  in  similar  forms.  Further,  the  alums  need  not  be  sul- 
phates. Thus,  selenic  acid  forms  a  series  of  alums,  of  which 
K2A.lo4Se04,24HoO  is  an  illustration. 

(8.)  Potassium  Aluminium  Sulphate.— ^oias/i  or  Co7nmon  Alum 

(K<,A1„4S04,24H„0). 

Natural  History. — Found  native  in  volcanic  districts,  produced  by 
the  action  of  volcanic  sulphuric  acid  on  the  aluminium  compounds  of 
the  rocks. 

Preparation. — (1.)  (a.)  "Alum  shale"  (a  compound  of  aluminium 
silicate,  iron  disulphide,  and  bituminous  matters)  is  first  roasted, 
whereby  one-half  of  the  sulphur  of  the  FeSg  becomes  oxidized. 
The  residue,  after  being  moistened  with  water,  is  exposed  to  the  air, 
ferrous  and  ferric  sulphates  with  free  sulphuric  acid  being  formed. 

(/3.)  The  free  sulphiiric  acid  formed  decomposes  the  aluminium  sili- 
cate, forming  aluminium  sulphate. 

(y.)  When  the  mass  is  lixiviated  with  water,  a  solution  results 
(called  crude  alum  liquor),  containing  aluminium  sulphate,  ferrous  and 
ferric  sulphates,  and  probably  more  or  less  magnesium  sulphate. 

(S.)  The  greater  part  of  the  ferrous  sulphate  (the  presence  of  which 
is  undesirable),  is  now  removed  by  crystallization. 

(e.)  Potassium  chloride  (in  the  form  of  soapboilers'  waste,  or  the 
refuse  of  glasshouses  or  of  saltpetre  refineries)  is  now  added  to  the 
solution,  whereby  any  ferric  sulphate  is  decomposed,  a  soluble  ferric 
chloride,  together  with  potassium  sulphate,  resulting  : — 

6KC1        +       Fe23S04      =       FeoClg       +  3K2SO4 
Potassic  chloride  +      Ferric  sulphate    =    Ferric  chloride   +  Potassic  sulphate. 

(^.)  The  potassium  sulphate  as  soon  as  formed,  combines  with  the 
aluminium  sulphate  to  form  jwtash  alum,"  which  being  sparingly 
soluble  in  cold  water  is  deposited  from  the  solution  as  "  alum  meal " 
or  "  alum  flour."  This  is  afterwards  washed  with  cold  water  to  re- 
move adherent  iron,  and  crystallized. 

Very  freqiiently  ammonium  sulphate  (from  gas  liquor)  is  used 
instead  of  potassium  chloride  (e),  in  which  case  an  ammonia  alum  is 
formed,  (NH4)2Al24S04,24H20. 

If  sodium  sulphate  be  employed,  soda  alum  is  formed  (Na2Al24S04 
24H2O).  Thus  we  may  obtain  by  the  employment  of  different  reagents 
a  series  of  alums,  some  which  may  be  tabulated  as  follows  : — 

Potash  alum    K2Al24S04,24H20. 

Soda  alum    NajAl24S04,24H20. 

Ammonia  alum   (H4N)2Al24S04,24H20. 
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iron  alum    K2Fe24S04,24H20. 

Chrome  alum   K„Cr24S04,24H20. 

Manganese  alum    K2Mn24S04,24H20. 

Further,  a  silver-alum,  a  C£esium-alum,  and  a  thallium-alum  may 
be  obtained. 

(2.)  Potash  alum  may  also  be  prepared  by  burning  ''alum  stone" 
(alumite,  a  native  basic  sulphate  of  alumina  and  potash,  found  in 
Hungary  and  Italy),  exposing  the  roasted  mass  to  the  air,  and  finally 
extracting  with  water.  The  water  dissolves  out  the  alum  from 
the  mass,  and  leaves  the  insoluble  alumina  : — 

K2S04,3Al2S06,6H20    =    2(Al„03,3HoO)    +  K2AI24SO4 
Alum  stone  =  Alumina  +  Alum. 

The  alum  thus  prepared  is  known  as  "Roman  alum." 

(3.)  Also  by  mixing  sulphate  of  alumina  with  sulphate  of  potassium 
in  proper  proportions. 

Prope7-ties. — Alum  is  a  white,  crystalline  (cubes  or  octahedra),  astrin- 
gent-tasted body,  soluble  in  water  (1  in  18  aq.,  at  60°  F.,  and  1  in  1 
at  212°  F.)  ;  insoluble  in  alcohol.  It  is  but  little  affected  by  exposure 
to  air.  Its  solution  has  an  acid  reaction,  and  dissolves  iron  and  zinc 
with  the  evolution  of  hydrogen.  When  alum  is  first  heated,  it  melts 
in  its  own  water  of  crystallization.  At  392°  F.  (-200°  C.)  the  water 
evaporates,  and  the  residue  swells  up  to  a  white,  infusible  and  inso- 
hible  mass  called  bui-nt  alum  (K2AI24SO4).  By  ignition,  some  of  the 
acid  of  this  alum  may  be  expelled.  Homberg's  pyrophoms  is  a  mixture 
of  alum  and  sugar,  carbonized  out  of  contact  with  air. 

Alum  is  largely  used  in  dyeing,  in  the  preparation  of  skins,  in 
medicine,  etc. 

We  have  in  the  alums  a  marked  illustration  of  isomorphism,  that  is, 
of  bodies  having  different  chemical  composition  crystallizing  in  the 
same  form.  The  colors  of  the  alums  are  very  varied:  thus,  Potash 
alum  forms  white  octahedra  ;  chrome  alum,  dark  red  octahedra ;  iron 
alum,  violet  octahedra,  etc. 

(10.)  Aluminium  Phosphates  are  found  as  natural  minerals, 
as,  e.g.,  twqtioise,  which  is  a  hydrated  phosphate,  colored  with  copper 
and  iron  (2Al203,P205,5H20)  ;  wavellite,  3(4Al203,3P205,18H20), 
AloFg  ;  lazulite  (a  double  phosphate,  colored  with  phosphate  of 
iron),  etc.  The  phosphate  AJgPoOs  is  obtained  as  a  gelatinous  preci- 
pitate on  adding  sodium  phosphate  to  a  solution  of  an  aluminium  salt. 
It  is  insoluble  both  in  ammonia  and  in  acetic  acid,  but  is  soluble  in 
alkalies  and  in  acids  generally. 

(11.)  Aluminium  Silicates. — These  are  both  numerous  and  com- 
plicated. Their  complication  arises  from  the  frequent  replacement  of 
AlgO.-j  by  the  isomorphous  body  FcgOg,  other  metals  present  being 
similarly  exchanged  for  their  isomorphous  representatives. 

A  few  of  these  silicates  are  stated  in  the  following  table  : — 
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Garnet  (Ca,Al,Mg,Fe  and  Mn)    . .  3(CaMgPoMn)0(AlFe)23SiO., 

Chlorite  (Al,Mg,  etc.) ,  4(MgFe)0,(AlFe),03,2SiO„3H,0 

Basalt  (Ca,Mg)   4(CaMgFe)05SiO 

Cyanite,  Diothene  AljOyjSiOj 

(  Analcime  (Na,Al)  Na,0,Al203,4SiO,,2H,0 

Zeolites    {  Stilbite  (Ca.Al)   CaO.AUOg.GSiOj.eHjO 

(  Prehnite  (Ca.Al)   CaO.Al^O^BSiO^.HjU 

! Potash  *  Felspar  (ortboclaae)  K,  j 
mSn  ::  (JSS)  f;  o,Ai.o.,6Sio, 
Calcium     „    (Labradorite)  Ca  ) 
I  Uniaxial  (Mg  and  Al)  [4(MgKFe)0,(AlFe)203,4Si02] 

1  1  Li'^™  (Lepidolite)  [ili      )o,3(AlFe),03.6SiO J 


Mica 


Slate  is  an  aluminium  silicate  of  varied  composition.  Hoofing  slate  is 
an  argillaceous  rock ;  mica  slate  contains  mica,  and  hornblende  slate, 
hornblende.  Granite  and  gneiss  consist  of  quartz,  felspar  and  mica  ; 
porphyry  is  a  felspar,  so  also  is  basalt,  the  latter  containing  crystals  of 
augite.  Dolerite,  greenstone,  diorite,  trachyte,  fuller's  earth,  pumice  stone, 
(■which,  in  a  melted  state,  is  called  volcanic  glass  or  obsidian),  are  also 
aluminic  silicates. 

Lapis  lazuli  (native  idtramarine)  consists  of  a  silicate  of  alumina 
mixed  with  lime,  soda,  sulphuric  acid,  sulphur  and  iron.  The  cause 
of  its  blue  color  is  not  well  understood. 

Artificial  ultramarine  is  prepared  by  heating  together  a  mixture  of 
100  parts  of  kaolin,  100  of  sodium  carbonate,  160  of  sulphur,  and  12 
of  carbon.  A  sodium  sulphide  is  formed,  which  combines  with  the 
aluminium  silicate.  A  green  body  used  as  a  pigment  results  {green 
ultramarine).  This,  on  being  roasted  with  fresh  sulphur,  forms  a  bril- 
liant blue  mass  (blue  ultramarine).  Ultramarine  is  bleached  by  acids 
with  evolution  of  sulphuretted  hydrogen,  and  also  by  chlorine.  With 
hydrochloric  acid,  HgS  is  evolved,  and  amorphous  silicic  acid  set  free. 
It  is  often  used  as  a  coloring  matter  for  oil  paint  and  for  blue  paper, 
which  consequently  becomes  white  when  dipped  in  an  acid. 

Clay. 

Formation. — The  disintegration  of  granite  rocks,  which  consist  of 
quartz,  felspar  and  mica,  results  both  from  mechanical  and  chemical 
agencies.  By  the  action  of  air,  and  by  the  expansion  of  the  water  in 
the  rock  during  congelation,  it  is  gradually  broken  down.  From  this 
debris,  water  containing  carbonic  acid  dissolves  out  the  potash,  leaving 
quartz  and  silicate  of  alumina.  These  bodies,  owing  to  their  different 
gravities,  are  afterwards  mechanically  separated  by  the  action  of  water, 
the  silicate  of  alumina  being  comparatively  light.  This,  when  de- 
posited, constitutes  clay  (Al203.2Si02,2H20). 

Composition  of  clay.  —  The  composition  of  clays  varies  considerably, 
as  the  following  diagram  shows  : — 

*  Fericline  is  an  admixture  of  potash  and^soda  felspar. 
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Washed  Kaolin. 

Stour- 
bridge 
Fire 
Clay. 

Pipe 
Clay. 

Sandy 
Clay. 

Blue 
Clay. 

Brick 
Clay. 

Chinese. 

S.Trieix. 

Cornifh. 

Silica 
Alumina 
Oxide  of  iron. . 
I'inie 
Magnesia 
Potash  or  soda 
Water    ..  .. 

50-5 
33-7 
1-8 

0-  8 

1-  9 
11-2 

48-37 
34-95 

1-  2(i 

trace 

2-  40 
12-62 

46-32 
39-74 
0-27 
0-36 
0-44 

1 12-67 

64-10 
23-1.5 
1-85 

0-95 
10-00 

63-66 
32-00 
1-35 
0-40 
trace 

12-08 

66-68 
26-08 
1-26 
0-84 
trace 

5-14 

46-38 
38-04 
1-04 
1-20 
trace  . 

13-57 

49-44 
34-26 
7-74 
1-48 
5-14 

1-94 

99-9 

99-60 

99-80 

100-05 

99-49 

100-00 

100-23 

100-00 

From  Miller. 

Loam  is  a  clay  containing  ferric  oxide,  whilst  marl  is  a  clay  con- 
taming  carbonate  of  lime.  Umher,  red-bole,  ochre  and  sienna,  are  also 
clays  containing  varions  iron  and  manganese  oxides. 
^  Properties. — A  tenacious  mass,  insoluble  in,  but  capable  oE  diffu- 
sion through  water,  very  plastic,  but  shrinking  when  dried.  It  has  a 
characteristic  odor,  and  possesses  great  absorbent  powers.  It  conse- 
quently retains  the  ammonia  from  manure  when  placed  on  the  earth, 
storing  it  up  for  the  vital  functions  of  the  plant.  It  also  purifies 
water  impregnated  with  organic  impurities  when  passed  through  it. 
(Way.)  ^ 

Clay  is  decomposed  by  sulphuric  acid  {see  Preparation  of  Alum), 
but  is  very  slowly  acted  upon  by  hydrochloric  or  by  nitric  acid. 
After  clay  has  been  ignited,  no  acid,  except  hydrofluoric  acid,  has  the 
least  action  upon  it.  It  is  slightly  soluble  in  a  solution  of  caustic 
potash,  but  becomes  very  soluble  in  water  after  fusion  with  potassic 
hydrate. 

Porcelain  and  Pottery. 

Clay  is  employed  in  the  manufacture  of  all  kinds  of  pottery. 
Although  plastic,  it  shrinks  considerably  when  baked,  to  prevent  which, 
sand,  chalk,  or  bone-ash  is  mixed  with  the  clay.  But  inasmuch  as 
these  bodies  have  a  tendency  to  disintegrate  the  clay,  it  is  necessary 
after  baking  to  glaze  the  article  with  some  substance  capable  of  vitri- 
fication, in  order  to  cement  the  whole  together  and  form  it  into  a  com- 
pact mass.    Upon  this  principle  depends  the  manufacture  of  pottery. 

(1.)  Bricks,  coarse  tiles,  pipes,  etc.,  are  made  from  common  clay, 
of  which  there  are  three  kinds,  (a.)  marly  or  chalky  clay*,  used  for 
pale  bricks  ;  (/3.)  potter''s  clay,  used  for  bricks  and  tiles  ;  (y.)  fire  clay, 
which  is  nearly  free  from  lime. 

*  A  marl  is  a  clay  containing  a  considerable  quantity  of  calcic  carbonate.    If  the 
alumina  be  in  excess,  it  is  an  aluminous  marl,  if  the  chalk,  a  calcareous  marl. 


PORCELAIN  AND  POTTERY. 

Process.— The  clay  is  dug  up  in  the  autumn,  and  exposed  to  tlie  air 
for  a  considerable  time  (weathered).  The  stones  present  in  the  clay  are 
either  crushed  in  a  mill  or  removed  by  puddling.  This  done,  the  clay 
is  mixed  with  sand  and  well  kneaded.  The  mass  is  then  ready  to  be 
fashioned  into  shape  by  hand  or  machinery,  the  articles  so  formed 
being  first  dried  in  the  air,  afterwards  fired  in  kilns,  and  finally  glazed 
with  a  mixture  of  clay  and  litharge,  iron  scarf,  etc. 

The  red  color  of  bricks  and  tiles  is  due  to  the  carbonate  of  iron 
present  in  common  clay  becoming  converted  into  peroxide  (FegOg). 

(2.)  Common  earthenware.— Ohq  of  three  kinds  of  clay  is  employed 
in  the  manufacture  of  common  earthenware,  viz.,  (a)  Dorsetshire  clay, 
(fi)  Devonshire  clay  (blue  clay),  and  (y)  pipe  clay. 

The  clay  is  first  of  all  cleansed  by  machinery,  and  reduced  to  a 
state  of  pap.    It  is  then  run  through  fine  sieves.    To  prevent  after- 
contraction  and  unequal  drying,  the  clay  thus  prepared  is  mixed  with 
a  pap  of  ground  flints.    This  flint-pap  is  prepared  by  subjecting  flints 
from  the  chalk  to  an  intense  heat,  suddenly  quenching  them  with 
water,  and  finally  grinding.      The  mixed  mass  of  sand  and  clay, 
called   «sZ?>"  (1  part  of  flints  to   o  parts  of  clay),  is  now  cut 
mto  square  blocks,  and  kept  for  some  months  in  a  damp  place. 
In  this  way  any  organic   matter  present  becomes  oxidized,  the 
I  sulphates  being  reduced  to  sulphides.    When  required,  the  "  slip  "  is 
kneaded  by  beating  on  a  board,  so  as  to  effect  perfect  incorpora- 
tion, and  the  removal  of  air  bubbles.    This  kneading  process  in 
England  is  effected  both  by  machinery  and  by  hand  labor.    In  France 
it  is  done  with  mallets  ;  in  Egypt  by  the  treading  of  men  ;  and  in 
China  by  the  treading  of  cattle.    The  article,  after  being  roughly 
fashioned,  is  partially  dried   at  a  temperature   varying  from  80° 
ro  90°  F.     It  is  then  baked  in  kilns,  and  placed  in  cases  called 
••saggars."    This  material  has  the  appearance  of  a  porous  earthen- 
ware,  and  is   known   as    "biscuit."     The  freshly-struck  pattern, 
prmted  on  wet  soaped  paper  with  a  mixture  of  some  metallic  oxide 
and  boiled  oil,  is  now  placed  on  the  "  biscuit,"  and  well  rubbed  in 
with  a  flannel  rubber,  so  that  the  "biscuit"  may  completely  remove 
the  printed  impression  from  the  paper.  As  soon  as  the  design  is  absorbed 
7h  P^P^^       removed  by  wetting  with  a  sponge. 

The  "biscuit"  is  now  dipped  into  a  weak  alkaline  lye,  in  order  to 
saponify  the  oil,  and  afterwards  glazed  with  some  fusible  material, 
'uch  as  a  mixture  of  white  lead,  Cornish  stone,  ground  flints,  ground 
ilass,  chalk  felspar,  silicate  of  alumina  and  potash,  or  borax.  It  is 
•iiiilly  baked  or  "fired"  in  a  kiln,  whereby  the  glaze  is  fused. 

rhe  colors  on  the  earthenware  are  produced  by  various  metallic 
'xides  {see  page  364),  which  form  a  colored  glass  with  the  glaze,  whilst 
lie  metallic  lustres  are  produced  by  gold,  platinum,  copper,  brass,  etc. 
(3.)  Porcelain  (china)  is  a  finer  variety  of  pottery.    It  is  of  two 
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kinds  ;  (a.)  The  hard  porcelain,  sucli  as  is  made  at  Sevres, 
Dresden,  etc.,  is  manufactured  from  kaolin,  a  very  pure  white  clay, 
obtained  from  China,  Cornwall,  S.  Yrieix  near  Limoges,  etc.,  and  from 
china  stone,  which  consists  of  the  silicates  of  alumina,  potash  and  lime. 
The  glaze  used  is  a  mixture  of  felspar  and  quartz,  suspended  in 
water,  into  which  the  article  is  dipped.  (jS.)  The  soft  variety  of 
porcelain,  as  made  in  England,  consists  of  kaolin  mixed  with  bone 
earth  and  borax.  After  baking  (biscuit),  its  further  treatment  cor- 
responds to  tbe  description  already  given. 

Wedgwood  is  a  fine  description  of  stoneware. 

Salt  Glazing,  which  is  largely  used  in  the  preparation  of  stoneware, 
etc.,  is  effected  by  throwing  common  salt  into  the  furnace  con- 
taining the  heated  articles,  which  have  been  previously  dipped  into  a 
mixture  of  sand  and  water.  The  salt  volatilizes,  and  is  decomposed 
by  the  sand  on  the  hot  surface  of  the  ware.  A  fusible  impervious  sili- 
cate is  thus  formed  as  a  glaze,  hydrochloric  acid  escaping  as  vapor 
with  the  excess  of  salt  (H20  +  2NaCl+ Si02=2HCH-Na,0,Si02). 

Reactions  of  Aluminium  Compounds. 
Non-luminous  flame.    No  action. 

Salts.  Colorless  (if  the  acid  be  colorless),  sweet,  and  astringent. 
Acid  to  litmus. 

Caustic  alkalies,  and  ammonium  carbonate,  hydrate  or  sul^Mde. — A 
white  ppt.  of  AlgHgOg.  Soluble  in  excess  of  caustic  alkalies,  but 
scarcely  at  all  soluble  in  ammonia. 

iJZot«-p>e.  — Moistened  with  cobaltous  nitrate  and  ignited,  aluminium 
compounds  yield  a  pale  blue  mass  (Thenard's  blue). 


GALLIUM  (Ga). 

Atomic  weight,  69-5.     Atomicity,  pseudo-triad.     Ftises  at  86-27°  F. 
(30-15°  C).    SiHciJio  gravity,  5-9.    Specific  heat,  0-080. 

History- — Discovered,  by  means  of  the  spectroscope,  by  Lecoq  de 
Boisbaudran  (1875).    Termed  galUum  from  Gallia  (France). 

Occurrence. — It  occurs  associated  with  zinc  in  the  zinc  blende  of 
Bensberg  ;  also  in  the  yellow  transparent  blende  of  the  Asturias,  and 
in  the  brown  blende  of  Pierrefitte  (0-0016  per  cent.).  Zinc  dross  and 
the  Swedish  brown  blende  contain  sensible  traces  of  gallium. 

Preparation. — By  the  electrolysis  of  a  solution  of  the  oxide  in 
potassic  hydrate,  or  of  an  alkaline  solution  of  the  sulphate. 

Its  separation  from  zinc  is  effected  by  fractional  precipitation  with 
sodium  carbonate,  the  carbonate  of  gallium  going  down  before  the  car- 
bonate of  zinc. 

Properties— A  silvery  white  metal.  Specific  gravity  5-9.  It  fuses 
when  placed  in  the  warm  hand  [86°  F.,  30-0°  C].  It  continues  in  this 
"  superfused"  state  for  several  days  even  when  cooled  to  32°  F.  (0°C.), 
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provided  it  is  carefully  protected  and  allowed  to  remain  at  rest. 
If  any  part  of  its  surface,  however,  comes  iuto  contact  witli  a  trace  of 
solid  gallium,  a  solid  spot  is  seeu  to  form,  which  rapidly  spreads  until 
the  entire  mass  solidifies.  On  crystallising,  the  metal  assumes  a  bluish 
tint,  and  its  lustre  diminishes.  The  solid  metal  may  be  cut  with  a 
kuife,  aud  is  both  flexible  aud  malleable.  Heated  to  bright  redness 
in  the  presence  of  air,  gallium  does  not  volatilize,  but  merely  oxidizes 
superficially.  When  cold,  the  metal  has  only  to  be  nibbed  with  a  rod 
to  restore  its  original  brightness.  It  dissolves  in  HCl,  and  in 
KHO  with  evolution  of  hydrogen.  Hot  nitric  acid  dissolves  it,  but 
not  the  cold  acid. 

GaUium  Oxide  (GragO;,),  a  white  substance,  insoluble  in  water, 
soluble  in  caustic  alkalies  and  ammonia. 

Gallium  Chloride  (G-aoClg)  is  a  deliquescent  substance,  soluble  in 
a  little  water,  but  decomposed  by  an  excess  of  water,  with  the  forma- 
tion of  an  oxychloride. 

Gallium  Sulphate  (Gra23S04)  is  a  non-deliquescent  substance,  and 
very  soluble  in  water.  It  forms  a  gallium  alum,  (NH4)2Ga24S04, 
24H2O. 

Eeactions  of  Gallium. 
Spectrum  (spark)  two  lines  in- the  violet. 

BERYLLIUM  (Glucinum)  (Be). 

Atomic  weight,  9*4.    Specific  gravity,  2"1.    Specific  heat,  0*408. 

Atomicity,  dyad. 

[Note. — The  symbol  G  has  also  been  given  to  this  element.] 
History. — Isolated  by  Wohler  in  1828.    (BrjpvXkos,  beryl.) 
Natural  History. — Occurs   combined  with   silica   in  phenacite 
(BeSiO^),  with  silica  and  alumina  in  the  emerald,  in  the  aquamarine, 
and  in  the  beryl  [3(BeO)  Al2033(Si02)]  colored  with  chromium  ;  also 
also  in  the  chryso-beryl. 

Preparation. — By  passing  the  vapor  of  beryllium  chloride  mixed 
with  hydrogen  over  heated  sodium.  The  metal  may  be  prepared  by  a 
process  similar  to  that  described  for  the  preparation  of  aluminium 
(p.  437). 

Properties. — A  white,  fusible,  malleable  metal.  Specific  gravity 
2'1.  It  does  not  burn  in  air,  oxygen,  or  in  sulphur  vapor,  but  it 
combines  readily  with  chlorine,  iodine,  and  silicon.  It  does  not 
decompose  steam.  It  is  soluble  in  dilute  warm  sulphuric  acid,  and  in 
dilute  cold  hydrochloric  acid  with  evolution  of  hydrogen,  but  is 
insoluble  in  nitric  acid.  It  is  not  soluble  in  ammonia,  but  is  dissolved, 
with  the  evolution  of  hydrogen,  by  a  solution  of  potash.  Its  salts  are 
colorless,  sweet  {yXvKVQy  hence  the  name  glucinum)^  and  acid  to  litmus. 
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Compounds  of  Beryllium, 


1.  Berjllium  oxide 


2. 
3. 
4. 
5. 
6. 
7. 


10. 

11. 


1 1 


hydrate 

chloride 

bromide 

iodide 

nitrate  . . 

carbonate 

sulphate . . 

phosphates 

silicate  . . 
sulphide , . 


BeO. 

BeH.O,. 

BeClj. 

BeBrj. 

Belj. 

Be21S^03.3H20. 

BeC03,4H^O. 

BeS0^,7H,0. 
(  BeHPO^.SH^O  ; 
I  Be(NHj2Na22P04,7H20. 

2BeOSi02(2BoO,Si02). 

BeS. 


(1.)  Beryllium  Oxide  {BerylUa,  BeO).  Preparation. — From  the 
Beryl.  By  igniting  the  carbonate  or  hydrate.  Properties. — A  white 
powder  like  mague  sia.  Specific  gravity,  3'08.  Insoluble  in  water,  and, 
after  ignition,  insoluble  in  dilute  acids. 

(2.)  Beryllium  Hydrate  (BeHaOs).  Preparation.— By  adding 
ammonia  to  a  solution  of  a  beryllium  salt.  Properties. — A  gelatinous 
precipitate,  which,  when  dried,  becomes  a  white  powder,  and  by  igni- 
tion is  converted  into  BeO.  Soluble  in  caustic  soda  and  potash. 
It  is  also  soluble  in  ammonium  carbonate,  a  basic  carbonate  separating 
when  the  solution  is  boiled.    Insoluble  in  ammonia. 

(3.)  Beryllium  Chloride  (BeClg).  Preparation.— Bj  passing  chlo- 
rine over  a  mixture  of  charcoal  and  beryllium  oxide.  A  solution  of 
BeClg  may  be  prepared  by  dissolving  the  oxide  in  HCl.  Properties. 
— A  crystalline,  deliquescent,  fusible,  and  volatile  compound. 

(7.)  Beryllium  Carbonate.  Preparation  of  a  basic  salt.— ^Ming 
an  alkaline  carbonate  to  a  solution  of  a  beryllium  salt.  Properties. — 
The  basic  salt  is  soluble  in  water  containing  COg.  If  the  solution  be 
evaporated  over  H2SO4  in  an  atmosphere  of  COg,  it  yields  the  normal 
salt  (BeC03,4H20),  which,  on  exposure  to  air,  again  becomes  a  basic 
salt. 

(8.)  Beryllium  Sulphate  (BeS04,7H20).-The  anhydrous  sulphate 
may  be  obtained  by  heating  the  crystals .  BeO  is  formed  when  the 
salt  is  ignited.  The  sulphate  forms  double  compounds  with  potassium 
and  magnesium  sulphates. 

(11.)  Beryllium  Sulphide  (BeS)  is  prepared  by  heating  the  metal 
in  sulphur  vapor.  (Alkaline  sulphides  precipitate  BeHoOs  from  solu- 
tions of  beryllium  salts.) 

Eea-Ctions  of  Beryllium  Compounds. 

Flame.— 1^0  color  imparted  to  a  non-luminous  flame. 

Spectrum. — Two  characteristic  lines  in  the  blue. 

Alkaline  hydrates,   ammonia    and  ammonium    sulphide.— A  white 
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gelatinous  ppt.  of  BeHoOo,  soluble  iu  excess  of  caustic  alkalies,  but 
not  in  excess  of  ammonia. 

Carbonate  of  ammonia  (solution)  dissolves  BeHgOg,  in  which  respect 
it  differs  from  alumina,  and  by  which  reaction  its  separation  from 
alumina  may  be  effected. 

THORIUM  (THORINUM)  (Th=  231-4).    Specific  gravity,  7-8. 

Atomicity,  tetrad. 

Thorium  was  discovered  by  Berzelius  (1829)  in  the  mineral  thorite 
(thorium  sihcate),  and  may  be  prepared  by  reducing  the  chloride  with 
potassium.  The  metal  is  a  grey  powder,  incapable  of  decomposing 
water,  but  combustible  in  air,  forming  its  only  oxide  thoria  (ThOo),  a 
body  isomorphous  with  SnOg  and  TiOo  (Sp.  gr.  =  9-4).  It  is' not 
acted  on  by  the  caustic  alkalies,  but  is  soluble  in  most  acids.  Thorium 
chloride  (ThCl^)  and  fluoride  have  also  been  prepared. 

ZIRCONIUM  (Zr=90).    Specific  gravity,  4,-15.    Atomicity  {ZvCl^). 

Zirconium  is  found  in  nature  as  an  oxide  (zirconia,  ZrOo)  and  as  a 
silicate  in  the  rare  minerals,  zircon  and  hyacinth  (ZrOgSiOg). 

Preparation.— By  heating  zirconium  potassic  fluoride  (ZrF4,KFo) 
with  potassium  or  aluminium,  or  the  chloride  (ZnCl^)  with  sodium,  etc. 

Properties.— Like  sihcium,  to  which  it  is  closely  allied,  it  exists  in 
three  states — (1,)  amoi-phoiis,  which  burns  when  heated  in  the  air 
below  redness,  forming  zirconia  (ZrOg)  ;  (2,)  crystalline,  a  body  re- 
quiring the  oxy-hydrogen  flame  to  fire  it ;  and  (3,)  graphoidal. 

Zirconium  has  never  been  fused.  It  decomposes  water  slowly  at 
the  boiling  point.  It  is  acted  on  by  hydrofluoric  acid  with  the  evolu- 
tion of  hydrogen,  and  also  by  aqua  regia.  It  is  insoluble  in  dilute 
sulphuric  and  hydrochloric  acids. 

It  forms  one  oxide,  zirconia  (Zr02=122  ;  Specific  gravity,  4-5),  a 
white  infusible  powder,  which,  unlike  alumina,  is  insoluble  in  the 
caustic  alkalies.  It  is  insoluble  in  strong  sulphuric  acid,  but  soluble 
in  potassic  carbonate.  It  acts  both  as  a  base  and  as  a  feeble  acid,  in  the 
latter  case  forming  compounds  called  zirconates.  Sodium  zirconate 
(NagZrOg)  is  formed  by  fusing  zirconia  with  an  alkaline  carbonate, 
when  CO2  is  driven  off.  A  zirconium  hydrate  (ZrH404)  is  formed 
when  an  alkaline  zirconate  is  treated  with  water,  or  when  ammonia  is 
added  to  a  solution  of  a  zirconium  salt. 

Zirconium  chloride  (ZrCl4  =  231-5),  bromide  (ZrBr4),  and  fiuoride 
{ZtF^)  have  been  prepared.  Zirconium  fluoride  forms,  by  its  combina- 
tion with  metallic  fluorides,  a  class  of  compounds  known  as  the 
zircono-fluorides. 

CERIUM  (Ce=  140-5).  Atomicity,  tetrad;  pseudo-triad  (CeOj  ;  CegClg). 
History.— Discovered  by  Klaproth,  1803. 

Q  o 
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Natural  History— Foimd  as  a  silicate,  in  conjunction  with  lan- 
thanum and  didymium,  in  cerile  ;  also  as  a  phosphate  in  monazite,  and 
as  a  fluoride  in  fluocerite. 

Preparation- — By  the  electrolysis  of  the  fused  chloride. 

Properties. — malleable,  ductile,  dark-colored  metal.  Tarnishes 
in  moist  air.  Burns  in  air  brilliantly.  Sp.  gr.  6-7.  Decomposes  water 
slowly.  It  is  dissolved  both  by  HCl  and  dilute  H2SO4,  hydrogen 
being  evolved.    Insoluble  in  strong  sulphuric  and  nitric  acids. 

Cerium  oxalate  is  given  in  medicine  for  the  relief  of  the  sickness 
of  pregnancy. 

Compounds  of  Cerium. 

Cerous  chloride  ...       ...       •••  CcgCls- 

[Analogous  compounds  with  bromine,  iodine  and  fluorine.] 

Cerous  oxide     ...        •••        •••  CenOs. 

„     nitrate   Ce„6N03,12H20. 

„     sulphate    Ce83S04,9H20. 

„     phosphate  {monazite)    ...  Ce^P^Og. 

Ceric  fluoride    ...        •••       •-•  CeF4. 

„    oxide       ...       •••       •••  CeOo. 

„    nitrate    Ce4N03. 

„    sulphate  ...        ...       :••  Ce2S04,7H20. 

DIDYMIUM  (Di=146).    Molecular  weight  (?).    Atomicity,  triad 

and  pentad. 

History. — Discovered  by  Mosander  (1841). 

Natural  History.— Found  in  cerite.    (/See  Cerium.) 

Preparation-— Separated,  together  with  lanthanum,  from  cerium, 
as  an  oxalate,  and  further  separated  from  lanthanum  by  the  fractional 
precipitation  of  the  sulphates. 

Properties. — A  yellowish  metal.    Sp.  gr.  6-54. 

Compounds  op  Didymium. 
Didymous  chloride    ...        -••        •••  DiCla- 


DigOa. 

DiHgOs. 

Di3N03,6H20. 
Di33S04,8H20. 
DisOs. 


„  oxide 
„  hydrate 
,,  nitrate 
„       sulphate  ... 
Didymic  oxide 

Kecent  researches  have  clearly  demonstrated  the  compound  nature 
of  didymium.  Wilsbach  has  shown  that  by  repeated  crystalhzations, 
a  didymium  salt  can  be  separated  into  two  new  elements,  which  he 
termed,  neodymium,  i^xe  salts  of  which  are  of  an  amethyst  color,  ana 
praseodymium,  the  salts  of  which  are  green.  He  fixes  143-6  as  tne 
atomic  weight  of  praseodymium,  and  140-8  as  the  atomic  weight 
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neodymium.  {Journal  of  Chtmical  Society,  XLVIII.  (1885),  p.  1113. 
See  also  Chemical  Society's  Journal,  Vol.  XLIH.,  p.  281.) 

YTTRIUM  (Y  =  89-8).   Molecular  loeight  (  ?  ).   Atomicity,  triad. 

History. — Yttrium  was  discovered  by  Gadolin  (1794). 

Natural  History.— Widely  diffused  (Crookes).  Occurs  in  certain 
rare  minerals  with  erbium.  Found  in  conjunction  with  cerium, 
lanthanum,  didymium,  beryllium,  etc.,  in  gadolinite. 

Compounds  of  Yttrium. 

Yttrous  chloride   YCI3. 

„     oxide  (yttria)    YoOg. 

„     nitrate    YSNOgjGHaO. 

„      sulphate   Y23S04,8H20. 

The  remarkable  researches  of  Crookes  have  indicated  beyond  doubt 
that  yttrium  is  a  compound  of  several  new  metals — certainly  five,  and 
probably  eight.  This  is  about  all  we  are  able  to  say  at  present. 
Their  individual  separation  has  been  effected  by  a  process  of  fractional 
precipitation.    (See  Chemical  News,  Sept.  24,  1886,  p.  155.) 

ERBIUM  (Er  165-9).    Molecular  weight         Atomicity  triad. 
History. — Discovered  by  Mosander  (1843). 

Compounds. 
In  all  respects  analogous  to  yttrium. 

TERBIUM  (Tr  148-8  ?). 
Occurs  with  yttrium  and  erbium  in  samarskite. 

YTTERBIUM  (Yb  =  172-8). 

A  supposed  new  metal.    Discovered  by  Marignac  in  crude  erbia. 

SCANDIUM  (Sc  =  44). 

Discovered  by  Nilson  (1879)  in  gadolinite.  Forms  an  oxide  of  the 
composition  SC2O3. 

SAMARIUM  (Sm  =  150). 

Discovered  by  Leeoq  de  Boisbaudran  in  samarskite  by  its  peculiar 
spectrum. 

Compounds  resemble  didymium. 

DECIPIUM  (Dp  =  159?). 

Discovered  by  Delafontaine  in  samarskite  by  its  special  absorption 
spectrum. 

G  Q  2 
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NORWEGIUM  (Ng  =  214  ? ). 

Discovered  by  Dahll  in  a  specimen  of  Norwegian  nickel  glance. 
Sp.  gr.  9-44.  Fuses  at  489°  F.  (254°  C).  Cliemically,  it  is  said  to 
resemble  J)ismuth. 

LANTHANUM  (La  =138-5).    Molecular  weight  Atomicity, 

triad  (LaCig). 

History. — Discovered  by  Mosander  (1839). 

Natural  History  and  Preparation —('S'ee  Cerium  and  Didymium.) 

Properties. — An  iron-grey  metal,  quickly  tarnishing  on  exposure. 
Sp.  gr.  6-136. 

Compounds  of  Lanthanum. 

Lanthanous  chloride  ...  ...  ...  LaCl^. 

„         oxide      ...  ...  ...  LajOg. 

,,        hydrate  ...  ...  ...  LaHoOs. 

„        nitrate     ...  ...  ...  La3N03,6H20. 

„        sulphate  ...  ..  ...  Lag3S04,9H20. 

The  anhydrous  sulphate  is  soluble  in  ice-cold  water. 


CHAPTER  XVII. 


METALS  OF  GROUP  III. 

A.  — Metals  whose  Sulphides  are  Insoluble  in  the  Alkaline 

Sulphides. 

Copper  and  its  Compounds -Bismuth  and  its  Compounds— Cadmium  and  its  Com- 
pounds—Palladium  and  its  Compounds— Rhodium  and  its  Compounds— Osmium 
and  its  Compounds — Ruthenium  and  its  Compounds. 

B.  — Metals  whose  Sulphides  are  Soluble  in  the  Alkaline 

Sulphides. 

Tin  and  its  Compounds— Titanium  and  its  Compounds— Antimony  and  its  Com- 
p'unds— Arsenic  and  its  Compounds— Gold  and  its  Compounds— Platinum 
and  its  Compounds— Bases  produced  by  the  action  of  Ammonia  on  the  Chlorides 
of  Platinum— Molybdenum  and  its  Compounds— Iridium  and  its  Compounds. 

COPPER  (Cii"=  63-5). 
Atomic  and  Moleculai-  weight,  63-5.   Specific  gravity,  8-9.    Specific  heat, 
0-0935.    Fuses  at  2426°  F.  (1330°  C).    Atomicity,  dyad  in  ciipric 
salts  (Cu"CL)  ;  j^seudo-monad  (the  double  atom  of  Ciia  acting  as  a 
dyad)  in  cuprous  salts  ('Cu'oCle). 

History. — Known  to  the  ancients. 

Natural  History. — Copper  is  found  native  both  in  masses  and  in 
crystals,  not  unfrequently  associated  with  silver.  The  common  copper 
ores  are,  a  sulphide  of  copper  and  iron  called  "copper  pyrites"  or 
"  yellow  copper  ore  "  (Ca2S,Fe2S3),  a  cuprous  sulphide  or  "  copper 
glance"  (CugS),  and  cupric  sulphide  or  ''indigo  copper"  cuprous 
arsenide  (CugAso),  cuprous  oxide  or  "  red  copper  ore,''  or  "ruby  ore  " 
(CugO).  Copper  is  also  found  as  cupric  oxide,  tenorite  or  "black  oxide" 
(CuO),  and  as  malachite,  the  green  malachite  having  the  composition 
represented  by  the  formula  (CuCOa.CuCHgO),  and  the  blue  malachite 
or  azurite  by  the  formula  (2CuC03,CuO,H20).  The  metal  is  also 
found  in  seaweed  and  in  the  blue  blood  (hasmocyanin,  the  analogue 
of  haemoglobin)  of  various  sea  animals  (like  the  cuttlefish),  where  the 
blood  is  blue  in  the  arteries  and  colorless  in  the  veins.  It  also  occurs 
in  the  red  coloring  matter  of  the  feathers  of  certain  birds.  (Church.) 

Preparation.— From  copper  jnjrites  (CuoSjFcsSa)  (Copper  smelting). 
The  ore  is  sorted,  that  is,  those  pieces  rich  in  copper  are  picked  out 
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and  broken  up,  whilst  the  part  less  rich  in  metal  is  powdered  and 
sifted. 

(1.)  Calcination  of  ore. — The  ore  is  first  calcined  or  roasted,  whereby 
the  arsenic  and  part  of  the  sulphur  are  volatilized  as  AsgOg  and  SOo, 
cuprous  sulphide  with  some  oxide,  and  ferric  oxide  (converted  from 
ferric  sulphide)  together  with  some  sulphide,  remaining.  The  ferric 
sulphide  is  far  more  easily  oxidised  than  the  cuprous  sulphide.  Hence 
the  chief  part  of  the  CugS  remains  unaltered. 

[The  fumes  given  ofE  during  roasting  are  called  "copper  smoke," 
and  contain  As,  AsgOg,  SO3,  SOg,  and  HF,  the  latter  being  derived 
from  the  fluor  spar  contained  in  the  ore.] 

(2.)  Fusion  for  coarse  metal. — The  calcined  ore  is  now  mixed 
with  sand  and  a  slag  containing  a  quantity  of  silicate,  fluor  spar 
being  added  if  necessary,  to  increase  the  fluidity  of  the  slag.  The 
mixture  is  now  intensely  heated  in  the  "  ore  furnace."  The  following 
changes  occur  : — The  cuprous  oxide  acts  on  the  ferric  sulphide  present, 
cuprous  sulphide  and  ferric  oxide  being  formed.  But  inasmuch  as 
there  is  more  ferric  sulphide  in  the  ore  than  can  be  oxidized  by  the 
cuprous  oxide  present,  the  excess  of  the  fused  ferric  sulphide,  together 
with  the  cuprous  sulphide,  sink  to  the  bottom  of  the  furnace  to 
form  what  is  called  the  "?na^"  or  "coarse  metaV  (=CuFeS2).  This 
coarse  metal  is  granulated  by  being  run  into  water  whilst  liquid. 

The  ferric  oxide  present  combines  with  the  silica  to  form  a  fusible 
slag  (silicate  of  iron)  (FeSiOs),  which  is  used  for  building  purposes. 

(3.)  Calcination  of  the  coarse  metal. — The  coarse  metal  is  now  cal- 
cined, whereby  any  sulphide  of  iron  present  is  converted  into 
oxide. 

(4.)  Fusion  for  white  metal. — The  roasted  coarse  metal  is  now  fused 
with  silica,  and  with  an  ore  rich  in  cupric  oxide,  whereby  any 
unchanged  iron  sulphide  is  converted  into  oxide.  The  whole  of  the 
iron  which  is  now  present  as  ferric  oxide  combines  with  the  silica  to 
form  a  fusible  slag,  the  "  mat,"  or  "  regulus  of  white  metal,"  or  the 
"fne  metal,"  as  it  is  now  called,  being  nearly  pure  cuprous  sulphide 
(Cu„S). 

Sometimes  the  roasting  is  carried  further,  so  that  a  portion  of  the 
sulphide  becomes  reduced.  This  reduced  portion  sinks  to  the  bottom, 
along  with  most  of  the  foreign  metals  present,  these  parting  with  their 
sulphur  more  readily  than  the  copper.  Hence  the  upper  part  of  the 
ingot  is' always  the  purest,  and  is  known  as  "best  selected  copper^'' 
whilst  the  under  portion,  containing  the  impurities,  is  known  as  "  tile 
copper." 

(5.)  Roasting  for  blistered  copper.  —  The  fine  metal  (CugS)  is  now 
roasted,  Avhereby  some  of  the  copper  becomes  converted  into  CuO,  the 
sulphur  escaping  as  SOg.  Hence  the  mass  after  roasting  consists  of 
CuoS  and  CuO.    The  temperature  is  now  raised,  when  mutual  decom- 
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position  occurs  between  the  cuprous  sulphide  and  the  cupric  oxide 
metallic  copper  and  sulphurous  anhydride  (which  escapes)  being  formed 
(Cu2S  +  2CuO=SOo+4Cu).  This  copper  is  called  "pimple,''  or 
"  blistered  copper,"  blisters  being  formed  upon  the  surface  of  the  metal 
by  the  escape  of  the  last  portions  of  SOg. 

(6.)  Refining. — This  is  effected  by  melting  the  copper,  so  as  to  oxidize 
the  last  traces  of  sulphur  and  of  foreign  metals  present,  such  as  Fe, 
Sn,  Pb,  etc.  Some  cuprous  oxide  (CugO)  is  produced  during  the 
process,  a  part  of  which  forms  a  slag  with  any  sand  present,  another 
part  being  dissolved  by  the  metallic  copper.  The  presence  of  this 
cuprous  oxide  in  copper  renders  the  metal  brittle  {"dry  copper''''). 

(7.)  Toughening  (poling). — After  the  removal  of  the  slag,  some  an- 
thracite is  thrown  on  the  surface  of  the  melted  metal,  to  prevent 
further  oxidation.  It  is  then  well  stirred  with  a  pole  of  young 
wood  (poled),  the  combustible  gases  given  o£E  by  the  wood  burn- 
ing at  the  expense  of  any  oxide  present  in  the  liquid  metal.  The 
presence  of  a  little  suboxide  in  the  metal  is  said  to  render  it  tough. 
Hence,  both  "over-poling"  (that  is,  where  the  whole  of  the  cuprous 
oxide  is  decomposed),  and  "  under-poling  "  (that  is,  where  too  much  is 
left),  are  to  be  avoided.  When  the  copper  is  properly  poled,  it  is 
known  as  "  tough  cake." 

In  the  preparation  of  copper-  from  the  oxide,  or  from  the  carbonate, 
all  that  is  necessary  is  to  reduce  a  mixture  of  the  copper  salt  with 
carbon  and  silica,  in  a  wind  furnace. 

Wet  process. — The  burnt  pyrites,  after  heating  to  separate  the  sul- 
phur, often  contains  4  per  cent,  of  copper.  By  roasting  this  residue 
with  20  per  cent,  of  common  salt,  the  copper,  as  cupric  chloride, 
may  be  extracted  with  water,  and  the  metal  precipitated  from  the  solu- 
tion by  means  of  scrap  iron. 

Impurities. — Sulphur  (which  injures  the  malleability  of  the  copper), 
arsenic,  phosphorus  (which  increases  its  hardness),  tin,  antimony, 
nickel,  bismuth,  silver,  and  selenium,  are  the  ordinary  impurities  of 
commercial  copper, 

A  pure  copper  may  be  obtained  by  the  electrolysis  of  a  solution  of 
cupric  sulphate,  or  by  heating  the  oxide  in  a  current  of  hydrogen. 

Properties. — (a.)  Physical.  A  red  metal  (copper  color),  having  a 
metallic  taste  and  a  peculiar  smell.  A  very  fine  copper  leaf  trans- 
mits a  greenish  blue  light.  The  metal  occurs,  and  may  be  prepared 
artificially,  in  cubes  and  octahedra.  It  is  a  very  heavy  (Sp.  gr.  8-9), 
hard,  ductile,  malleable,  and  sonorous  metal.  It  fuses  at  1996°  F. 
(1091°  C).  In  a  molten  condition,  it  absorbs  various  gases  (such  as 
CO),  which  escape  as  the  metal  solidifies,  a  property  that  unfits  it 
for  fine  castings.  The  finely-divided  metal  absorbs  0*6  its  volume  of 
hydrogen.  At  a  white  heat  it  is  said  to  be  slightly  volatile.  It  is  a 
good  conductor  both  of  heat  and  electricity. 

(/3.)  Chemical.—  Copper  is  not  affected  by  dry  air  at  ordinary  tem- 
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peratures,  but  in  moist  air  (or  in  contact  with  water)  it  becomes  coated 
with  a  basic  carbonate.  In  air  at  a  red  heat,  it  oxidises  rapidly, 
black  scales  of  cupric  oxide  (CuO)  pealing  off  from  the  surface  of  the 
metal.  When  finely  divided,  it  burns  like  tinder.  The  metal  burns  in 
the  oxy hydrogen  blowpipe,  coloring  the  flame  green.  It  is  not  acted 
upon  by  pure  water,  nor  indeed  has  a  current  of  steam  any  action 
on  the  red-hot  metal.  When  placed  in  solutions  of  chlorides,  as 
in  sea-water,  the  metal  becomes  coated  with  the  green  oxychloride 
(CuCl2,3CuO,4H20).  Copper  vessels  are,  therefore,  dangerous  for 
culinary  purposes,  inasmuch  as  a  certain  quantity  of  the  metal  is 
dissolved  when  solutions  of  common  salt  or  of  acids  (such  as  vinegar, 
rhubarb,  etc.),  or  of  liquids  containing  fatty  and  oily  matter,  are  boiled 
in  contact  with  the  metal. 

It  is  not  soluble  in  dilute  HCl  or  H2SO4  if  air  be  excluded,  but  in 
the  presence  of  air,  or  in  contact  with  an  element  more  electro-negative 
than  itself  (such  as  Pt),  it  rapidly  dissolves  in  the  dilute  acids.  Con- 
centrated sulphuric  acid  has  no  action  upon  it,  but  nitric  acid  and 
boiling  sulphuric  acid  dissolve  it.  With  the  former,  nitric  oxide 
(NO)  is  evolved,  and  with  the  latter,  sulphurous  anhydride 
(SO2).  Liquid  hydrochloric  acid  acts  upon  the  finely-divided  metal. 
evolving  hydrogen.  Dilute  nitric  acid  acts  on  it  energetically,  even 
in  the  cold.  When  a  current  of  hydrochloric  acid  gas  is  passed  over 
the  red-hot  metal,  hydrogen  is  set  free,  and  cuprous  chloride  (CU2CI2) 
formed.  Ammonia  dissolves  copper  {cupr -ammonia'),  forming  a  deep 
blue  solution,  but  the  fixed  alkalies  have  very  little  action  upon  it. 
The  metal  is  precipitated  from  its  solutions  by  readily  oxidizable  bodies 
such  as  iron,  zinc,  phosphorus,  etc.  It  combines  with  chlorine  ener- 
getically, thin  leaves  of  metallic  copper  catching  fire  so  soon  as  they 
are  exposed  to  the  action  of  the  gas. 

Uses. — It  is  largely  used  for  electrical  purposes,  its  conductivity 
being  greater  than  that  of  any  other  known  metal  excepting  silver. 
It  is  also  used  for  electrotyping  ;  for  coinage  ;  for  alloys,  etc.  The  com- 
position of  certain  alloys  is  stated  in  the  following  table  (from 
Bloxam).    The  alloys  of  copper  are  harder  than  the  metal  itself. 


Copper. 

Zinc. 

Tin. 

Iron. 

-  ISickel. 

Aluminium 

64-0 

36-0 

Muntz  Metal      . .    . . 

60  to  70 

40  to  30 

German  silver 

61-0 

30-5 

18-5 

Aich  (or  Gedge's)  metal 

60-0 

38-2 

1-8 

78-0 

22-0 

Speculum  metal  . . 

(36-6 

33-4 

Bronze  metal 

80-0 

4-0 

16-0 

90-5 

9-5 

Bronze  coinage    . . 

95-0 

1-0 

4-0 

10-0 

Aluminium  bronze 

90-0 
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Compounds  of  Copper  (Cu  =  63-5). 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 

24 

25 

26 


COMPOUNDS. 


Cuprous  hydride  

quadrantoxide 
I  oxide  (red  oxide)  . . 

J      , ,  hydrate  

I  Cupric  oxide  (black  oxide) 
\     ,,     hydrate   . .     . .     . , 

(Cuprous  chloride  
Cupric  chloride  

1  Hydrated  cupric  oxycbloride 

\     of  copper  

[Corresponding  bromides 
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Compound  of  Coppf-r  and  Hydrogen. 
Cuprous  hydride  CugHg. 

(1.)  Cuprous  Hydride  (CuoHg).    Molecular  Weight,  129. 

Preparation. — By  heating  a  cupric  sulphate  solution  with  hypo- 
phosphorous  acid  to  140°  F.  (60°  C).    (See  page  159.) 

Properties. — A  black  powder,  evolving  hydrogen  when  heated.  It 
catches  fire  when  exposed  to  the  action  of  chlorine.  Hydrochloric 
acid  forms  with  it  cuprous  chloride,  the  combination  being  accom- 
panied by  the  evolution  of  hydrogen  (CU2H2  +  2HCI  =  CU2CI2  +  2H2). 

Compounds  of  Copper  and  Oxygen. 

Cuprons  qnadrantoxide    CU4O. 

Cuprous  oxide  (red  oxide)   CuoO. 

Cupric  oxide  (black  oxide)   CuO. 
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(2.)  Cuprous  Quadrantoxide  (CU4O).  This  oxide  is  only  known 
as  a  green  hydrate,  and  may  be  prepared  by  digesting  a  cupric  salt  in 
closed  vessels  with  an  excess  of  stannous  chloride  dissolved  in  a  large 
excess  of  potassic  hydrate.  It  is  a  very  unstable  compound,  and  pos- 
sesses great  affinity  for  oxygen. 

(3.)  Cuprous  Oxide,  Suboxide  or  Red  oxide  of  copper  (CuoO). 
Molecular  weight  =143*0.    Specific  gravity,  5'5. 

Natural  History. — Found  native  as  red  copper  ore,  in  octahedral 
crystals,  having  a  specific  gravity  varying  from  3*8  to  6. 

Preparation. — (1.)  By  boiling  grape  sugar  in  a  solution  of  cupric 
sulphate,  in  the  presence  of  an  excess  of  potassium  hydrate. 

(2.)  By  igniting  a  mixture  of  5  parts  of  cupric  oxide  (CuO)  and 
4  parts  of  copper  filings. 

(3.)  By  boiling  a  mixed  solution  of  cupric  sulphate,  sodium  sulphite, 
and  sodium  carbonate  (2CuS04+2Na2C03  +  Na2S03=Cu20  +  3Na2S04 
+  2CO2). 

(4.)  By  acting  on  an  ammoniacal  solution  of  cupric  oxide  with  me- 
tallic copper,  air  being  excluded.  By  this  means  the  blu£  solution  of 
CuO  becomes  a  colorless  solution  of  CuoO  (Cu  +  CuO  =  CU2O). 

[(0.)  Preparation  of  Cm^roios  hydrate  (4Cu20,H20).  By  decomposing 
cuprous  chloride  with  potassic  hydrate.] 

Properties. — (a.)  Physical.  A  reddish-yellow  powder.  Fuses  at  a 
red  heat,  if  air  be  excluded.    Insoluble  in  water. 

(/3.)  Chemical.  In  the  moist  state,  cuprous  oxide  is  slowly  oxidized 
by  air.  It  is  a  feeble  base.  There  are  no  cuprous  oxy-salts  (except 
sulphites  and  certain  double  sulphites),  the  oxy-acids  decomposing 
cuprous  oxide,  forming  with  it  a  mixture  of  a  cupric  salt  and  metallic 
copper.  Nitric  acid  converts  cuprous  oxide  into  cupric  nitrate  with 
evolution  of  nitric  oxide ;  whilst  sulphuric  acid  (hot)  converts  it  into 
cupric  sulphate,  with  evolution  of  sulphurous  acid.  Hydrochloric  acid 
converts  it  into  cuprous  chloride  (CU2CI2).  It  is  soluble  in  ammonia, 
the  solution  being  colorless,  but  in  the  presence  of  a  mere  trace  of  oxygen 
the  solution  turns  blue  from  the  formation  of  cupric  oxide. 

It  is  slightly  soluble  in  metallic  copper,  which  it  renders  what  is 
called  "  dry  "  or  "  brittle." 

Use. — For  stained  glass,  to  which  it  imparts  a  fine  red  color. 

(5.)  Cupric  Oxide  ;  Copper  monoxide;  Black  oxide  of  copper  (CitO)- 
Molecular  weight,  79"4.    Specific  Gravity,  Q' 5. 

Preparation. — (1.)  By  heating  the  metal  in  air. 

(2.)  By  the  ignition  of  cupric  nitrate  or  carbonate  (2Cu2N03  = 
2CUO  +  2N2O4+O2). 

(3.)  As  ciq^ric  hydrate  (CUH2O2).  By  adding  potassic  hydrate  m 
excess  to  a  solution  of  a  cupric  salt.  The  hydrate  (blue)  becomes 
anhydrous  (black)  by  boiling  in  water. 
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Properties. — (a.)  Physical.  Cupric  oxide  fuses  at  a  white  heat,  be- 
coming an  oxide  said  to  have  the  formula  CU5O3  (?).  The  hydrate 
(CnHoOg)  has  a  light  blue  color,  but  the  anhydrous  oxide  is  black. 
Although  a  hygroscopic  body,  absorbing  water  freely  from  the  air,  it  is 
insoluble  in  water,  but  is  soluble  in  oils  and  fats.  Hence  the  danger 
of  copper  for  culinary  purposes. 

Chemical.  It  is  soluble  in  most  acids,  forming  cupric  salts  that 
are  isomorphous  with  magnesium  salts.  It  combines  when  fused  with 
the  fixed  alkalies.  The  hydrate  is  soluble  in  ammonia  water,  forming 
a  blue  solution  (cupr-ammonia),  having  the  property  of  dissolving 
cellulose,  which  cellulose  is  reprecipitated  from  solution  by  an  acid. 
The  blue  solution  is  also  formed  when  copper  filings  are  shaken  up 
in  an  ammonia  solution  in  the  presence  of  air,  a  portion  of  the  am- 
monia becoming  oxidised  simultaneously  with  the  copper,  white 
fumes  of  ammonic  nitrite  being  formed. 

When  heated  to  redness  with  carbon  or  in  a  current  either  of  hy- 
drogen or  of  carbonic  oxide,  the  metal  is  reduced. 

Uses. — In  organic  combustion  analysis  to  furnish  oxygen  to  the 
organic  body.    It  is  used  to  stain  glass  a  fine  green  color. 

Compounds  of  Copper  and  Chlorine. 

Cuprous  chloride  CuaClg. 

Cupric  chloride   CuClo. 

(7.)  Cuprous  GhloYl^Q.—Subchloride  of  copper  (CugCls).  Mole- 
cular weight  =  197*4.    Specific  gravity,  3-3. 

Preparation. — (1.)  By  the  action  of  hydrochloric  acid  on  copper  in 
the  presence  of  air  (2Cu2-f-4HCl  +  02  =  2Cu20l2-l-2H2O). 

(2.)  By  distilling  one  part  of  copper  filings  with  two  parts  of  mer- 
curic chloride. 

(3.)  By  boiling  together  cupric  chloride  and  sugar. 

(4.)  By  heating  dry  cupric  chloride  in  a  current  of  dry  ammonia. 

(5.)  By  boiling  a  solution  of  cupric  chloride  in  HCl  with  copper 
filings,  to  which  a  few  drops  of  a  solution  of  platinum  chloride  is 
added. 

(6.)  By  the  action  of  stannous  chloride  on  a  cupric  salt  (2CuClo  + 
SnCl2  =  Cu2Cl2-|-SnC]4). 

Properties. — (a.)  Physical.  A  white  compound,  turning  violet  when 
moistened  and  exposed  to  light.  It  may  be  obtained  in  tetrahedral 
crystals  from  its  solution  in  hot  hydrochloric  acid.  It  fuses  to  a  yellow 
mass,  and  at  a  high  temperature  is  volatile.    It  is  insoluble  in  M^ater. 

(^.)  Chemical,  Hydrochloric  acid  dissolves  it.  The  colorless  solu- 
tion thus  formed  throws  down  cuprous  chloride  on  the  addition  of 
water.  The  acid  solution  readily  absorbs  carbonic  oxide,  from  which 
solution,  the  unstable  crystalline  compound  (Cu2Cl2,CO,2H20)  may  be 
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obtained.  It  also  absorbs  oxygen,  when  the  solution  becomes  brown 
and  deposits  a  green  cupric  oxychloride  (CuCl2,3CuO,4H20),  known 
as  "Brunswick  green."  This  latter  substance  is  also  found  native 
(atacamite). 

Ammonia  solution  dissolves  it,  forming  (air  being  excluded)  a  color- 
less liquid.  This  solution  rapidly  absorbs  oxygen,  becoming  of  a  deep 
blue  color.  Cuprous  chloride  gives  a  red  precipitate  with  acetylene, 
for  which  it  constitutes  a  delicate  test.  With  argentic  nitrate  it 
deposits  silver,  the  ammonia  holding  the  silver  chloride  and  copper 
nitrate  in  solution  (Cu2Cl2  +  4AgN03  =  2(Cu2N03)  +  2AgCH- Ago). 

Cuprous  chloride  is  soluble  in  sodium  thiosulphate,  the  solution  pos- 
sessing the  power  of  absorbing  various  gases  of  the  acetylene  series. 
It  is  also  soluble  in  potassic  chloride,  forming  with  it  the  double  salt 
4KCl,Cu2Cl2.  It  is  also  soluble  in  ammonic  chloride,  white  dodeca- 
hedral  crystals  of  CuoCL  (NH.,)2  being  deposited  from  the  fresh  so- 
lution, or  blue  cubical  crystals  of  Cu"Cl2(NH3)2,2NH4Cl  after  its 
prolonged  exposure  to  air. 

(8.)  Cupric  (!>\AoriA&-— Chloride  of  copper  (CUCI2). 

Preparation. — (1.)  By  dissolving  copper  in  aqua  regia,  or  by  dis- 
solving cupric  oxide  or  carbonate  in  hydrochloric  acid  and  crystal- 
lizing (=CuClc,2H20). 

(2.)  By  the  spontaneous  combustion  of  copper  in  chlorine. 

Propei-ttes. — Green  deliquescent  crystals  (specific  gravity,  2*5),  be- 
coming bhie  when  dried.  The  solution  of  the  chloride  in  alcohol  burns 
with  a  green  flame.  The  salt  fuses,  and  is  decomposed  at  a  red  heat 
into  chlorine  and  cuprous  chloride.  It  is  very  soluble  both  in  alcohol 
and  in  water,  the  aqueous  solution  appearing  green  when  concentrated 
and  blue  when  dilute.  It  forms  double  salts  with  the  alkaline  chlo- 
rides (e.g.,  CuCl2,2KCl,2H20).  The  anhydrous  chloride  absorbs  am- 
monia, becoming  a  blue  powder  (CuClgj^NH,).  Cuprammonic  chloride, 
having  the  formula  (CuCl2,2NH3),  is  formed  when  the  powder  is  heated 
to  202°  F.  (150°  C).  Oxy-chlorides  are  formed  by  digesting  together 
the  chlorate  and  hydrate. 

Cuprous  Iodide  (CU2I2).  A  white  crystalline  powder.  Fuses  at 
a  red  heat.    (A  cupric  iodide  is  not  known.) 

Preparation. — By  precipitating  a  solution  of  cupric  sulphate  with 
potassium  iodide  (2CuS04  +  4KI  =  CU2I2  +  2K2SO4  +  I2). 

Cuprous  Bromide  or  subbromide  of  copper  (CuoBrg)  and  Cupric 
Bromide  (CuBro)  have  been  prepared. 

(10.)  Tricupric  Nitride  (CU6N2). 

Preparation. — By  passing  ammonia  gas  over  cupric  oxide  heated  to 
482°  F.  (250°  C). 

The  nitride  is  a  dark  green  powder. 
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Compounds  of  Copper  and  Sdlphuk. 

Cuprous  sulphide    ...        ...        •.•        ...  CugS. 

Cupric  sulphide       ...        ...       .••        ...  CuS. 

Cupric  peutasulphide         ...        ...        ...  CuSg. 

(11.)  Cuprous  Snbgihide.— Subsulphide  of  copper  (the  "fiue  metal" 
of  the  copper  smelter)  (CugS).  This  body  is  found  native  in  six-sided 
pi-isms,  as  "  copper  glance  "  or  "  Redruthite."  Coj^per  pyrites  is  a 
cuprous-ferric-sulphide  (CunSjFcoSa). 

Preparation. — By  melting  together  three  parts  of  sulphur  and  eight 
of  copper. 

Properties. — Fusible  by  heat  (Sp.  gr.  5*5).  Soluble  (with  decompo- 
sition) in  nitric  acid  and  in  aqua  regia,  but  insolflble  in  hydrochloric 
acid. 

(12.)  Cupric  Sulphide- — Sulphide  of  copper  (CuS).  Found  native 
as  "  indigo  copper,"  "  blue  copper"  or  "  covellin." 

Preparation. — (1.)  By  heating  finely-divided  copper  with  sulphur, 
the  heat  being  kept  below  the  melting-point  of  the  sulphur.  (2.)  (As 
a  hydrate.')  By  precipitating  cupric  salts  with  sulphuretted  hydrogen. 

Properties.  —  Sp.  gr.  4'6.  By  heat  the  cupric  sulphide  becomes 
cuprous  sulphide,  if  air  be  excluded.  The  hydrated  cupric  sulphide, 
by  exposure  to  air,  rapidly  becomes  sulphate.  Cupric  sulphide  is 
soluble  in  nitric  acid  ;  insoluble  in  sodium  or  potassium  sulphides  ; 
somewhat  soluble  in  yellow  amnionic  sulphide  ;  very  soluble  in  potas- 
sic  cyanide.  By  washing  the  precipitated  sulphide  with  sulphuretted 
hydrogen  water,  the  precipitate  finally  dissolves,  yielding  a  brown 
liquid,  supposed  to  contain  a  colloidal  modification  of  the  sulphide. 

(13.)  Cupric  Peutasulphide  (CuSs). 

Preparation. — By  decomposing  a  cupric  salt  with  an  alkaline  peuta- 
sulphide. 

Properties. — A  black  precipitate,  insoluble  in  potassic  carbonate. 

(14.)  Cupric  Phosphide. — Phosphide  of  copper  (CugPg). 

Preparation. — By  boiling  phosphorus  in  a  cupric  sulphate  solution. 

Properties. — A  black  substance,  decomposed  by  heat  (3Cu2P2  = 
CU5P2-I-2P2).  Phosphoretted  hydrogen  is  evolved  when  the  phosphide 
is  added  to  a  solution  of  potassic  cyanide. 

Cupric  Oxysalts. 

(16.)  Cupric  Sulphate. — Sulphate  of  coj^per;  blue  vitriol ;  Hue  stone; 
blue  copperas  (CuS04,5H20). 

Molecular  weight,  1 59-4 -f  90.  Specific  gravity,  crystals,  2-25  ;  anJiy- 
drous,  3-63. 

Preparation. — (1.)  By  dissolving  the  metal  or  its  oxide  in  sulphuric 
acid. 


462 


HANDBOOK  OF  MODERN  CHEMISTRY. 


(2.)  By  oxidising  the  sulphide.  Copper  pyrites  is  first  roasted,  and 
the  resulting  mass  treated  with  water.  By  this  means  most  of  the 
iron  remains  behind  as  oxide.  The  iron  in  the  copper  sulphate  is 
got  rid  of  by  successive  crystallizations,  nitric  acid  being  added  to 
convert  the  ferrous  sulphate  into  a  ferric  salt,  ferric  sulphate  differing 
from  ferrous  sulphate  in  not  crystallising  with  cupric  sulphate. 

(3.)  As  a  secondary  product  in  refining  silver  {vide  Silver) ;  a 
cupric  sulphate  being  formed  from  the  copper  plates  used  to  throw 
down  the  silver  from  its  solution  as  a  sulphate. 

P-operties. — It  is  found  in  the  form  of  transparent,  blue,  efflorescent, 
doubly  oblique  crystals  (CuS04,oH20).  When  these  are  healed  to 
212°  F.  (100°  C.)  they  become  CuS04,H20,  and  at  392°  F.  (200°  C.) 
the  salt  changes  to  a  white  anhydrous  powder  (CUSO4).  (This  last  HoO 
molecule  is  regarded  as  water  of  constitution,  the  rest  as  water  of 
crystallisation.)  The  anhydrous  white  salt  combines  energetically 
with  water,  the  blue  salt  being  re-formed  and  great  heat  thereby  evolved. 
At  a  very  high  temperature  CUSO4  is  converted  into  cupric  oxide, 
oxygen  and  sulphurous  anhydride  being  evolved. 

The  crystals  are  insoluble  in  alcohol,  but  soluble  in  water  (1  in  4  at 
60°  F.,  1  in  2  at  212°  F.).    The  solution  is  acid. 

Potassic  hydrate,  added  to  a  solution  of  the  salt,  throws  down  a  blue 
hydrated  cupric  oxide  or  "blue  verditer"  (CuHoOo).  The  powdered 
crystals  of  the  sulphate  rapidly  absorb  hydrochloric  acid  gas,  with 
evolution  of  heat.  The  anhydrous  salt  rapidly  absorbs  ammonia  gas, 
forming  CuS04,5NH3  (Rose).  Cupric  sulphate  forms  double  salts 
with  the  sulphates  of  ammonium  and  potassium,  isomorphous  with 
the  corresponding  zinc  and  magnesium  salts  (CuS04,K2S04,6H20). 

Several  basic  cupric  sulphates  are  known  :  of  these  may  be  mentioned 
a  tribasic  sulphate,  CuS04,2CuH^02,  and  brochantite,  CuS04,3CuH202- 

The  ammonio-suljjTiate  of  copper  (CuS04,4NH3,H20)  is  formed  when 
a  solution  of  cupric  sulphate,  containing  an  excess  of  ammonia,  is  care- 
fully evaporated  to  dryness.  On  heating  this  ammonio-sulphate  to 
352°  F.  (150°  C.)  a  green  powder  is  formed  (CUSO42NH3). 

"(17.)  Cupric  Nitrate  (Cu2N03,3H20). 

Preparation. — By  dissolving  copper  or  cupric  oxide  in  nitric  acid. 

Properties. — A  blue  crystalline  deliquescent  salt,  soluble  in  alcohol, 
decomposed  by  slight  heat  into  an  insoluble  basic  nitrate  (Cu2N0.'„ 
3CUH2O2),  and  by  an  intense  heat  into  the  black  oxide  (CuO).  It  is 
an  active  oxidizing  body.  It  is  used  in  dyeing  and  calico  printing, 
where  an  oxidizing  agent  may  be  required. 

Cupric  Arsenate  (CugAsoOs)  is  prepared  by  heating  calcium 
arsenate  with  cupric  nitrate.    It  is  a  blue  powder. 

Cupric  Arsenite  or  Scheele's  green  (CuHAsOg)  is  a  green  powder, 
prepared  by  the  action  of  an  alkaline  arsenite  on  a  cupric  salt.    It  is 
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insoluble  in  water,  but  soluble  in  caustic  potash,  yielding  a  blue  liquid, 
A  mixture  of  cupric  arsenite  and  acetate  (3CuAso04,Cu2C2lT30„)  con- 
stitutes "Schweinfurt  green." 

The  Cupric  Carbonates  known,  are  a  Uydrated  oxycarbonate  or 
"chessylite"  (2CuC03,CuH20<>  ;  Sp.  gr.  3-8),  and  a  hjdrated  dibasic 
carbonate  or  "  malachite  "  (CuCOgjCuHoOa  ;  Sp.gr.  3-7).  Verdigris, 
the  compound  formed  by  the  action  of  air  and  water  jointly  on 
copper,  has  much  the  same  composition.  "  Mineral  green,"  moreover, 
has  also  the  same  composition  as  this  latter  compound,  and  is  prepared 
by  acting  on  a  solution  of  cupric  sulphate  with  sodium  carbonate.  If 
the  precipitate  be  boiled  in  the  solution,  CuO  is  formed. 

Cupric  Phosphates. — If  cupric  carbonate  be  digested  with  dilute 
phosphoric  acid  and  warmed,  the  compound  CuaPgOs.SHgO  is  formed. 
The  compound  CUHPO4  results  when  a  copper  salt  is  added  to  an  excess 
pf  an  alkaline  phosphate.  Basic  phosphates  have  been  prepared,  and 
occur  naturally  as  tagilite  and  libethinite. 

Reactions  op  Copper  Compounds. 
Flame  ;  colored  blue  or  green. 

Spectrum  spark  gives  a  series  of  lines,  those  in  the  green  being  very 
prominent. 

A.  — Cuprous  Compounds : — 

Caustic  alkalies. — Yellow  ppt.  of  cuprous  hydrate  (4Cu20,H20),  be- 
coming red  (CugO)  on  boiling. 

B.  — Cupric  Compounds  :— 

Caustic  alkalies. — A  blue  ppt.  (CUH2O2),  becoming  black  on  boiling. 

[CUH2O2  is  soluble  in  excess  of  alkalies,  if  sugar,  tartaric  acid,  etc., 
be  present.] 

Ammonia. — A  blue  ppt.  (CuHjOo),  soluble  in  excess,  forming  a  deep 
blue  liquid. 

Sulphuretted  hydrogen  gives  in  acid  solution  a  black  ppt.  of  CuS, 
soluble  in  potassic  cyanide. 

Potassic  ferrocyanide. — A  brown  ppt.  insoluble  in  HCl. 

The  metal  may  be  precipitated  from  all  solutions  by  zinc  and  iron. 

Blowpipe. — Metal  reduced  when  copper  compounds  are  heated  on 
charcoal  with  sodic  carbonate. 

Borax-bead. — In  the  oxidizing  flame  the  bead  is  green  when  hot, 
and  blue  when  cold.  In  the  reducing  flame  the  bead  is  red  from  the 
presence  of  reduced  copper. 
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BISMUTH  (Bi'"  =  208-2). 

Specific  gravity,  9-83.    Fuses  at  507-2°  F.  (264°  C).   Atomicity,  triad 
(Bi'"Cl3)  ;  and  pentad  (Bi^oOs)-     S^iecijic  heat,  0-0308. 

Natural  History. — Bismuth  is  commonly  found  in  a  free  state, 
but  it  also  occurs  as  an  oxide  in  "bismuth  ochre"  (BigO.,),  and  as  a 
sulphide  in  "bismuth  glance"  (BigSg)  and  Usmidhite  (BigSs).  These 
minerals  are  rare. 

'  Certain  sulpho-bismuthites  have  been  found  in  nature,  such  as 
kobellite  (BigPbSe).    A  telluride  of  bismuth  (BigTcg)  is  also  known. 

Preparation. — By  simple  fusion  of  the  ore  in  inclined  iron 
cylinders,  the  metal  floAving  away  and  leaving  the  matrix  in  the  tube. 
Thus  prepared,  bismuth  usually  contains  certain  impurities,  such  as 
arsenic,  sulphur,  and  silver,  the  latter  being  frequently  extracted  by 
cupellation. 

(2.)  By  reduction  of  the  roasted  ore  by  heating  with  carbon. 

Properties. — ("•)  Physical.  A  hard,  brittle,  reddish-white  metal, 
crystallizing  in  large  cubes.  Specific  gravity,  9-83.  It  is  slightly 
volatile  at  high  temperatures.  It  fuses  at  507°  F,  (264°  C),  expand- 
ing at  the  moment  of  solidification.  By  its  admixture  with  other 
metals,  the  fusing  point  of  the  alloy  is  often  lowered  to  a  remarkable 
extent. 

(/3.)  Chemical.  Bismuth  is  only  slightly  affected  by  air  at  ordinary 
temperatures,  but  it  oxidizes  rapidly  (forming  BigOa)  at  a  red  heat. 
Nitric  acid  dissolves  it  freely  ;  boiling  sulphuric  acid  oxidizes  it, 
SO2  being  evolved  ;  hydrochloric  acid  and  dilute  sulphuric  acid  have 
no  action  upon  it.  It  combines  rapidly  with  chlorine,  bromine,  iodine, 
and  sulphur. 

No  compound  of  bismuth  with  hydrogen  is  known. 

Uses. — It  occurs  as  a  bye-product  in  the  manufacture  of  smalt.  It 
is  used  for  alloys.  Its  use  in  type  metal  depends  on  the  property 
it  possesses  of  expanding  as  it  solidifies,  whereby  the  sharpness  of  the 
impression  is  increased. 

"  Fusible  metal  "  or  "  Rose's  metal,"  is  a  mixture  of  two  parts  of 
bismuth  with  one  of  tin  and  one  of  lead,  and  melts  at  201°  F.  (94°  C). 
By  letting  a  plate  of  the  fusible  alloy  into  a  boiler,  the  metal  fuses  and 
allows  vent  to  the  steam  so  soon  as  the  temperature  of  the  steam 
reaches  the  melting-point  of  the  alloy.  By  this  means  boiler  explosions 
are  prevented. 

Its  use  in  solder  depends  on  its  power  of  lowering  the  fusing  point 
of  the  metals  with  which  it  is  associated. 
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Compounds  of  Bismuth  (Bi  =  2lo). 


COMPOUNDS. 

Formuloe 
(General) . 

Molecular 
Weight. 

Specific 
Gravity. 

£>i  per 
cent. 

1 
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92-85 

Bi^Oj 
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BiClO 

261-5 

80-15 

Bi  CI 
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74-55 

10 

Bismutlious  bromide     . .     . , 

BiBr, 

450 

46-42 

11 

„  oxybromide 

BiBrO 

68-42 

12 

Bil, 

591 

35-31 

13 

oxyiodide  .. 

BilU 

59-25 

14 

„  fluoride 

BiFg 

267-0 

78-49 

15 

Bismuthous  sulphide 

BiS 

242-0 

86-66 

16 

Bismuthic  sulphide 

BioSa 

516-0 

81-25 

17 

nitrate   

Bi3NO;,5H,0 

394-0 

2-376 

52-79 

18 

sulphate 

BijSSO^  ■ 

Compounds  of  Bismuth  with  Oxygen,  etc. 

1.  Bismuthous  oxide  ...  ...  BiO. 

2  (  Bismuthic  oxide  ...  ...  BigOa. 

■  (  Bismuthic  hydrate  ...  ...  BiaOsjHaO. 

3.  Metabismuthous  acid  ...  ...  (BigOajHaO)  =  HBiOa- 

4.  Bismuthous bismuthate  ...  (BiaOg.BioOs)  or  Bi204. 

5.  Bismuthic  anhydride  ...  ...  BioOs- 

6.  Metabismuthic  acid  ...  ...  (BioOsjHoO)  =  HBiOg. 

Bismuthous  Oxide  (BiO).  Preparation.— Bj  reducing  bis- 
muthous chloride  with  stannous  chloride  in  the  presence  of  an  excess 
of  potash. 

Properties. — Oxidizes  spontaneously.  Burns  freely  in  air  or  in 
oxygen,  forming  BioOg. 

(2.)  Bismuthic  Oxide  ;  Sesquioxide  or  Trioxide  of  Bismuth  (BioOs). 
Specific  gravity,  8'2. 

It  is  found  native  as  "  bismuth-ochre." 

Preparation. — (1.)  By  heating  bismuth  in  air.  (2.)  By  igniting  the 
nitrate,  carbonate  or  hydrate. 

Properties. — A  yellow,  easily  fusible  powder  (Sp.  gr.  8*2),  soluble  in 
HCl,  in  HNO3,  and  in  H2SO4,  forming  bismuthous  chloride  (BiCla), 
bismuthous  nitrate  (Bi3(N03)),  and  bismuthous  sulphate  (Bi23(S04)), 
respectively^.    Ammonia  precipitates  the  oxide  as  a  hydrate  from  a 

u  h 


466 


HANDBOOK  OF  MODERN  CHEMISTRY. 


solution  of  a  salt  of  bismuth  (Bi203,H20).    {See  Metabismuthous 
Acid.) 

(30  Metabismuthous  Acid  (BisOsjHoO  =  HBiOg) ;  Bismuthic 
hydrate. 

Preparation.— adding  ammonia  to  a  solution  of  bismuthous 
nitrate  in  dilute  nitric  acid,  and  drying  at  212°  F.  (100°  C.)  When 
heated,  a  residue  of  BigOa  remains.  By  the  fusion  of  BigO.,  with 
sodium  carbonate,  a  sodium  metabismuthite  (NaBiOg)  is  formed. 

(5.)  Bismuthic  Anhydride  (BisOs). 

Preparation. — (a.)  When  bismuthic  oxide  suspended  in  a  solution 
of  potassic  hydrate  is  treated  with  chlorine,  metabismuthic  acid  (HBiOg) 
is  formed  : — 

4KH0  +  2Clo  +  BigO,,  =  2HBi03  +  4KC1  +  HoO. 
Potassic  +  Chlorine  +  Bismuthic  =  Metabismuthic  +  Potassic  +  "Water, 
hydrate  oxide  acid  chloride 

(/3.)  By  heating  the  acid  so  formed  ( =  BigOajHeO)  to  269°  F. 
(132°  C),  water  is  expelled  and  bismuthic  anhydride  (BigOj)  remains. 

Properties. — A  red  powder,  decomposed  by  heat  (2Bi205  =  BigOs, 
BigOs  (or  2Bi204)  +  Og)  into  bismuthous  bismuthate.  When  bismuthic 
anhydride  is  heated  in  a  current  of  hydrogen,  BigOj  is  formed.  Heated 
with  hydrochloric  acid  it  forms  bismuthous  chloride,  chlorine  being 
evolved  (BigOg  +  lOHCl  =  2BiCl3  +  SHgO  +  2CI2).  When  treated 
with  nitric,  sulphuric  or  sulphurous  acids,  a  bismuthous  nitrate  or 
sulphate  is  formed  accordingly,  oxygen  being  liberated  in  the  case 
of  the  nitric  and  sulphuric  acids  (BigOj  +  6HNO3  =  2Bi3N03  + 
SHgO  +  Og). 

(6.)  Metabismuthic  Acid  (BigOsjHgO  =  HBiOg) ;  Bismuthic  hy- 
drate. 

Preparation. — {Vide  (a),  under  Bismuthic  Anhydride.)  The  com- 
pounds of  this  acid  are  very  unstable. 

Compounds  of  Bismuth  with  Chlorine,  etc. 

7.  Bismuthous  chloride     ...        ...        ...  BiCls. 

8.  Bismuthous  oxychloride  ...        ...  BiClO. 

9.  Dibismuthous  tetrachloride     ...       ...  Bi2Cl4. 

10.  Bismuthous  bromide     ...  ...        ...  BiBr,. 

11.  Bismuthous  oxybromide    BiBrO. 

12.  Bismuthous  iodide        ...  ...        •••  Bilg. 

13.  Bismuthous  oxyiodide  ...  ...        ...  BilO. 

14.  Bismuthous  fluoride     ...  ...        ...  BiFg. 

(7,  8,  9.)— Bismuthous  CY^ondiQ.— Trichloride  of  Bismuth 
(BiCls). 

Preparation. — (1.)  By  heating  bismuth  in  a  curreut  of  dry  chlorine 
(Bi2  +  3Cl2  =  2BiCl3). 
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(2.)  By  distilling  a  mixture  of  bismuth  and  mercuric  chloride 
(Bi2  +  6HgCl2  =  2BiCl3  +  3Hg2Cl2). 

(3.)  By  distilling  a  solution  of  bismuth  in  nitro-hydrochloric  acid. 

Properties. — A  fusible,  volatile,  deliquescent  solid.  Specific  gravity 
of  solid,  4-56;  of  vapor,  1M6.  It  is  soluble  in  dilute  hydrochloric 
acid,  but  is  decomposed  by  admixture  with  pure  water  into  bismuthous 
oxychloride  ("pearl  white")  and  hydrochloric  acid  (BiCl3  +  H20  = 
BiC10  +  2HCl).  Bismuthous  oxychloride  is  insoluble  both  in  tartaric 
acid  and  in  ammonic  sulphide. 

By  heating  bismuthous  chloride  with  metallic  bismuth,  dibismuthous 
tetrachloride  (Bi2Cl4)  is  formed. 

Compounds  op  Bismuth  and  Sulphur. 

15.  Bismuthous  sulphide  ...        ...        ...  BiS. 

16.  Bismuthic  sulphide     ...        ...        ...  Bi2S3. 

(15.)  Bismuthous  Sulphide  (BiS  or  BigSs)  is  found  native,  and 
maybe  prepared  artificially  by  fitsing  together  sulphur  and  bismuth. 

(16.)  Bismuthic  Sulphide  (BioSg)  is  found  native  as  "  bismuth 
glance." 

Preparation. — (1.)  By  fusing  together  sulphur  and  bismuth  in 
proper  proportions. 

(2.)  By  passing  sulphuretted  hydrogen  through  a  solution  of  a 
bismuth  compound  (2BiCl3  +  3H2S  =  Bi2S3  +  6HCl). 

Properties. — A  fusible,  dark  grey,  heavy  substance  (Sp.  gr.  6-4), 
It  is  soluble  in  nitric  acid,  but  is  insoluble  in  dilute  sulphuric  or  in 
hydrochloric  acid,  as  well  as  in  the  alkaline  hydrates  or  sulph- 
hydrates. 

OXYSALTS  OF  BiSMUTH. 

(17.)  Bismuthous  Nitrate  (BiSNOa.SHsO).   Sp.  Gr.  2-3. 

Preparation. — By  dissolving  the  metal  in  nitric  acid. 

Properties. — When  the  acid  solution  is  acted  on  with  a  quantity  of 
water,  a  precipitate  is  thrown  down  of  a  basic  nitrate,  known  in 
pharmacy  as  subnitrate,  or  trisnitrate  of  bismuth  (flake  white  ;  magistery 
of  bismuth)  (Bi3N03,Bi203,3H20).  This  compound  is  employed  in 
medicine  as  a  sedative. 

Reactions  of  Bismuth  Compounds. 

(1.)  Sulphuretted  hydrogen. — A  brown  ppt.  of  Bi2S3  in  acid  solu- 
tions ;  precipitate  insoluble  in  ammonium  sulphide. 

(2.)  Ammonia  and  caustic  alkalies. — A  white  ppt.,  insoluble  in  ex- 
cess, unless  tartaric  or  citric  acid  be  present,  when  the  precipitate  redis- 
solves  on  the  addition  of  an  excess  of  the  reagent. 

(3.)  Blowpipe  (reducing  flame)  on  charcoal. — A  brittle  metallic 
bead,  surrounded  by  a  yellow  incrustation  of  oxide. 

HH  2 
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CADMIUM  (Cd''=ll2). 

Atomic  and  molecular  weight,  112  (p.  39).     Specific  gravity,  8-604. 
Fuses  at  442°  F.  (228°  C).    Specific  heat,   0-056.     Boils  at 
1580°  F.  (860°  C).    Atomicity,  dyad  (CdClg  ;  CdO). 
History. — Discovered  by  Stromeyer  and  Hermann  simultaneously 
(1818). 

Natural  History. — Found  in  many  zinc  ores.  Occurs  also  as  a 
sulphide  (Greenockite). 

Preparation. — When  zinc  ore  is  distilled,  the  cadmium  (a  constant 
accompaniment  of  zinc)  passes  over  in  the  first  distillate,  owing  to  its 
greater  volatility,  its  presence  in  the  zinc  being  indicated  by  a  bi-own 
flame  (brown  blaze)  produced  when  the  primary  products  are  fired. 
The  distillate  thus  obtained  (a  mixture  of  cadmium  and  zinc)  is  dis- 
solved in  dilute  sulphuric  acid,  and  HoS  passed  through  the  solution. 
The  yellow  precipitate  of  CdS  formed  (the  zinc  remaining  in  solution) 
is  then  dissolved  in  hydrochloric  acid,  to  which  an  excess  of  am- 
monium carbonate  is  added.  The  precipitated  carbonate  of  cadmium 
(CdCOg)  (copper  and  arsenic  remaining  in  solution),  becomes  on  ignition 
cadmium  oxide  (CdO),  from  which  the  metal  may  be  obtained  by  dis- 
tillation with  carbon. 

Properties. — (a-)  Physical.  A  white,  soft,  crystalline  metal,  mark- 
ing paper  like  lead,  and  crackling  like  tin  when  bent.  Sp.  gr.  8-6. 
At  common  temperatures  it  is  both  malleable  and  ductile,  but  when 
heated  to  176°  F.  (80°  C.)  it  becomes  brittle.  It  fuses  at  442°  F. 
(228°  C),  and  boils  at  1580°  F.  (860°  C).  The  cadmium  atom  appears 
to  occupy  in  the  state  of  vapor  twice  the  space  of  the  hydrogen 
atom  (p.  39). 

(j3.)  Chemical.  At  ordinary  temperatures  air  has  comparatively  little 
action  upon  the  metal,  but  when  heated  in  the  presence  of  air  it  burns 
with  a  brown  flame,  CdO  being  formed.  It  is  soluble  by  heat  in  the 
mineral  acids,  hydrogen  being  evolved.  The  metal  is  precipitated  by 
zinc  from  solutions  of  its  salts.  At  a  red  heat  cadmium  vapor  decom- 
poses steam. 

Uses— Its  presence  in  alloys  reduces  the  fusing  point  of  the  alloy, 
without  impairing  the  toughness  or  the  malleability  of  the  compound. 

Compounds  of  Cadmium. 

1.  Cadmium  oxide  ...       ...  CdO. 

2.  Cadmium  hydrate  ...        ...  CdHgOo. 

3.  Cadmium  chloride         ...        ...  CdClo. 

4.  Cadmium  bromide         ...        •••  CdBrg. 

5.  Cadmium  iodide  ...        ...        ••.  Cdlo. 

6.  Cadmiucn  sulphide         ...        ...  CdS. 

7.  Cadmium  nitrate   Cd2N03,4H20. 

8.  Cadmium  carbonate       ...       ...  CdCOs- 

9.  Cadmium  sulphate        ...       ...  CdSO^. 
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(1.)  Cadmium  Oxide  (CdO=128)  is  a  brown  powder,  prepared 
either  by  burning  the  metal  in  air,  or  by  igniting  the  nitrate.  Inso- 
hihle  in  water,  sohible  in  acids.  Infusible  at  a  white  heat.  Heated 
on  carbon  with  the  blowpipe,  the  metal  is  first  reduced,  the  reduced 
metal  afterwards  volatilizing  and  bui'ning,  CdO  being  re-formed. 

(2.)  Cadmium  Hydrate  (CdHgOs)  is  formed  by  precipitating  a 
cadmium  salt  with  potassic  hydrate.  A  white  powder,  insoluble  in 
water  or  in  solutions  of  sodic  or  potassic  hydrate,  but  soluble  in 
ammonia.    It  absorbs  COo  from  air. 

(3.)  Cadmium  Chloride  (CdClg).  From  a  solution  of  the  metal 
in  HCl,  crystals  having  the  formula  CdCl2,2H20  may  be  obtained,  from 
which  the  water  may  be  driven  off  by  heat.  The  anhydrous  salt 
sublimes  at  a  high  temperature.  Soluble  in  water  (1-5  in  1  part  of 
water  at  60°  F.). 

(5.)  Cadmium  Iodide  (Cdlg),  is  a  salt  used  in  photography. 

(6.)  Cadmium  Sulphide  (CdS  =  144)  (G-reenockite),  is  precipi- 
tated in  an  amorphous  form  by  HgS  or  by  an  alkaline  sulphide  from  a 
solution  of  a  cadmium  salt.  When  sulphur  vapor  is  passed  over  very 
hot  CdO,  the  sulphide  may  be  obtained  in  crystals.  Cadmium  sulphide 
is  employed  as  a  bright  yellow  pigment,  the  color  being  remarkable  for 
its  purity  and  permanence.  The  yellow  cadmium  sulphide  may  be 
known  from  yellow  orpiment  by  its  non-volatility  and  insolubility  in 
ammonic  sulphide. 

It  is  insoluble  in  nitric  and  in  hydrochloric  acids.  It  fuses  at  a  white 
heat. 

(9.)  Cadmium  Sulphate  (CdSOi)  is  deposited  as  crystals 
(3CdS04,8H20)  from  a  solution  of  the  oxide  or  carbonate  in  dilute 
sulphuric  acid.  It  may  be  rendered  anhydrous  by  heat.  The  anhy- 
drous salt  is]  soluble  in  water  to  the  extent  of  1  part  in  2  parts  of 
water  at  60°  F.  By  continuous  heating,  a  basic  sulphate  (CdO, 
CdS04H20)  is  formed,  which  is  not  very  soluble  in  water. 

Reactions  op  Cadmium  Compounds. 
Flame. — No  color. 

Spectrum. — Characteristic  lines  in  the  red,  green,  and  blue. 

Alkaline  hydrates. — A  white  ppt.  (CdHgOa),  insoluble  in  excess  of 
KHO  or  NaHO,  but  soluble  in  ammonia. 

Ammonium  carbonate. — White  ppt.  (CdCOg),  insoluble  in  excess. 

Sulphuretted  hydrogen  in  HCl  solution. — A  yellow  ppt.  (CdS),  in- 
soluble both  in  ammonium  sulphide  {see  Arsenic)  and  in  potassic 
cyanide.    Soluble  in  hot  dilute  H2SO4. 

Blowpipe. — Heated  on  charcoal,  cadmium  salts  yield  a  brown  in- 
crustation of  CdO. 


470 


HANDBOOK  OP  MODERN  CHEMISTRY. 


PALLADIUM  (Pd"). 

Atomic  weigJit,  106- 5.  Specific  gravity,  11-6.  Fusing  point,  2480°  F., 
(1360°  C).  Atomicity,  dyad  (")  as  in  palladous  compounds,  (e.g., 
PdClfi) ;  tetrad  Q"')  as  in  palladic  comjwunds  (PdCl4). 

History. — Discovered  by  Wollaston  (1803). 

Natural  History. — Found  in  platinum  ores  (0*5  to  1  per  cent.). 

!Extractioil. — (a-)  Extraction  from  platinum  ores.  After  the  platinum 
has  been  precipitated  from  its  solution  by  ammonium  chloride,  the 
filtrate  is  neutralised,  and  the  palladium  precipitated  as  palladic  cyanide 
with  mercuric  cyanide.  This  precipitate  of  palladic  cyanide  is  collected 
and  heated  to  redness,  the  spongy  palladium  thus  obtained  being  after- 
wards heated,  hammered,  and  welded. 

A  second  method  of  effecting  its  separation  from  other  metals  is  by 
precipitating  a  solution  of  palladous  chloride  with  potassic  iodide 
(avoiding  excess),  which  throws  down  palladous  iodide,  to  the  exclu- 
sion of  the  other  metals  likely  to  be  present.  The  iodide  is  then 
heated. 

(/3.)  Extraction  from  gold  ores. — The  gold  ore  is  first  fused  with 
silver.  The  fused  mass  is  then  boiled  with  nitric  acid,  whereby  the 
gold  separates  as  an  insoluble  precipitate.  The  silver  in  the  solu- 
tion is  then  precipitated  with  sodium  chloride.  The  lead,  copper,  and 
palladium  are  precipitated  together  from  the  clear  filtrate  by  placing  a 
piece  of  metallic  zinc  in  the  liquid.  The  mixed  precipitate  thus 
obtained  is  then  dissolved  in  nitric  acid,  from  which  the  lead  is  pre- 
cipitated by  ammonia,  leaving  copper  and  palladium  only  in 
solution.  The  palladium  is  then  precipitated  by  the  addition  of  an 
excess  of  hydrochloric  acid.  This  precipitate,  when  heated,  leaves 
the  pure  metal. 

Properties. — («•)  Physical.  A  hard,  white,  malleable  and  ductile 
metal,  harder  and  lighter  than  platinum,  although  in  many  respects 
resembling  it  in  appearance.  Sp.  gr.  11-6.  It  has  been  found  cry- 
stallised in  two  forms  (dimorphous),  viz.,  in  hexagons  and  octahedra. 
It  is  volatile  at  a  high  temperature,  when  it  evolves  a  green  vapor. 
At  a  red  heat  the  metal  absorbs  oxygen,  which  it  liberates  on  cool- 
ing. Spongy  palladium  will,  like  spongy  platinum,  determine  the 
combination  of  oxygen  and  hydrogen.  The  metal  possesses  the 
property  of  absorbing  many  times  its  volume  of  hydrogen,  giving  it  out 
again  at  high  temperatures.  This  property  is  specially  marked  in  the 
case  of  spongy  palladium,  which  may  be  made  to  absorb  1000  times  its 
volume  of  hydrogen,  retaining  600  volumes  at  212°  F.  (100°  C). 
Again,  hammered  palladium,  which  will  absorb  640  times  its  volume 
of  hydrogen,  is  far  more  powerfully  absorbent  than  the  fused  metal, 
which  only  absorbs  68  times  its  bulk.— ("  Proceedings  Royal  Society," 
June,  1866.)    At  a  high  temperature  the  whole  of  the  hydrogen  ab- 
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sorbed  at  a  low  temperature  is  expelled.  The  specific  gravity  of  the 
metal,  saturated  with  hydrogen,  is  less  than  that  of  the  metal  free 
from  absorbed  hydrogen. 

(/3.)  Chemical.  Palladium  is  unaffected  by  sulphuretted  hydrogen 
or  by  exposure  to  air  at  ordinary  temperatures.  At  a  low  red  heat 
the  metal  undergoes  oxidation,  the  oxide  formed  being  reduced  at  a 
higher  temperature.  It  is  soluble  in  nitric  acid  (forming  palladous 
nitrate  Pd(N03)2),  in  liot  sulphuric  acid,  and  in  hydrochloric  acid 
in  the  presence  of  air  or  of  chlorine.  It  is  oxidized  by  fusion  with 
the  caustic  alkalies,  nitre,  etc.  It  combines  with  iodine,  forming 
palladous  iodide  (Pdlj).  Hence,  if  an  alcoholic  solution  of  iodine  be 
evaporated  on  palladium,  a  stain  of  Pdig  is  produced,  a  reaction  which 
serves  to  distinguish  palladium  from  platinum.  If  a  wire  of  the  metal 
be  heated  in  the  flame  of  coal  gas  or  of  a  spirit  lamp,  it  increases  in 
size  to  many  times  its  original  volume,  and  becomes  coated  with 
cauliflower  excrescences  of  a  mixture  of  soot  and  palladium  carbide. 
It  decomposes  ethylene  with  separation  of  carbon,  at  a  temperature  at 
which  the  gas  is  usually  permanent.  Its  alloy  with  gold  (IPd  and 
4Au)  is  perfectly  white  and  brittle.  With  silver  (IPd  and  2Ag)  it 
forms  a  Avhite  unoxidizable  alloy  of  great  ductility,  and  useful  for 
small  weights,  its  alloy  with  tin  (IPd  and  8Sn=Pd3Sn2)  constituting 
a  mixture  remarkable  for  its  great  brilliancy. 

The  metal,  saturated  with  hydrogen,  is  a  powerful  reducing  agent, 
and  will  precipitate  mercury  and  mercurous  chloride  when  introduced 
into  a  solution  of  mercuric  chloride. 


Compounds  of  Palladium  (Pd=i06-o). 


1 

2 
3 
4 

5 

6 

7 

8 
9 
10 
11 
12 
13 


COMPOUNDS. 


Palladous  hydride    . , 
»  I  Hypopalladous  oxide 
73,  <  Palladous  oxide 
^  (Palladic  „ 


.2  §  /  Palladous  chloride 
^     1  Palladic 


Palladous  iodide 
Palladou  s  cyanide 
Hypopalladous  sulphide 
Palladous  sulphide   . . 
Palladic  sulphide 
Palladous  nitrate 

sulphate  . , 


Formulse 
(General). 


PdjH 
PdjO 
PdO 
PdO, 


PdCl^ 
PdCl, 

Pdlj 
PdCy, 
PdjS 
PdS 
PdS, 
Pd"2N03 
PdS0^2HjO 


o  613 
CD  .rt 


229-0 
122-5 
138-5 

177-5 
248-5 

360-5 
158-5 
245-0 
138-5 
170-5 


Pd 
per  cent. 


93-01 
86-93 
76-89 

60-00 
42-89 

29-54 


62-46 
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(1.)  Palladous  Hydride  (PdsH).  Preparation.— {\.)  By  heating 
the  metal  in  hydrogen.  (2.)  By  using  a  palladium  pole  as  the  negative 
electrode  in  the  electrolysis  of  water. 

Properties. — A  metallic-like  mass  (Sp.  gr.  11'06).  When  exposed  to 
the  air  in  a  state  of  fine  subdivision,  it  becomes  red  hot  from  oxida- 
tion of  the  hydrogen.  When  heated  it  gives  up  its  hydrogen.  It  is 
a  powerful  reducing  agent  (see  p.  471). 

(2.)  Hypopalladous  Oxide  or  Suboxide  of  Palladium  (PdgO)  is 

prepared  by  heating  palladous  hydrate  (PdllgOg)  to  redness.  It  is 
decomposed  by  acids. 

(3.)  Palladous  Oxide  (PdO)  may  be  prepared  either  (a.)  as  a 
brown  hi/drate  (PdHgOg)  soluble  in  acids  and  in  alkalies,  by  adding 
potassic  carbonate  to  a  palladous  salt,  or  (/3.)  in  an  anhydrous  form, 
by  heating  the  hydrate,  or  by  the  ignition  of  the  nitrate.  By  contact 
with  hydrogen  it  is  instantly  reduced. 

(4.)  Palladic  Oxide  (P<i02)  is  prepared  as  a  yellowish-brown 
hydrate  (Pd'''H404)  by  acting  on  potassium  palladic-chloride  (2KC1, 
PdCl^)  with  a  solution  of  potassic  hydrate.  The  anhydrous  oxide  may 
be  obtained  as  a  black  powder  by  boiling  the  hydrate  in  water. 

(5.)  Palladous  Chloride;  Chloride  of  Palladium  (Pd"Ck=i77-5). 

Preparation. — (1.)  By  evaporating  a  solution  of  the  metal  in  aqua 
regia  (the  metal  being  present  in  the  solution  as  palladic  chloride)  to 
dryness. 

(2.)  By  heating  palladous  sulphide  in  a  current  of  dry  chlorine. 

Properties. — The  hydrate  is  brown,  and  the  anhydrous  compound 
black.  It  is  decomposed  by  heat,  the  metal  being  reduced.  It  forms 
double  salts  of  a  dark  green  color  with  the  alkaline  and  other  me- 
tallic chlorides  (such  as  PdCl2,2KCl).  With  ammonia,  it  forms  a 
series  of  compounds  similar  to  those  formed  by  platinum.  {See 
age  513.) 

(6.)  Palladic  Chloride  (Pd'^CU)  is  only  known  in  solution.  It 
forms  double  salts  with  the  alkaline  chlorides  (as  e.g.,  the  red  and 
somewhat  insoluble  salt  2KCl,PdCl4).  It  is  easily  decomposed  into 
palladous  chloride  and  free  chlorine. 

(7.)  PaUadous  Iodide  (Pd"l2). 

Preparation. — By  adding  a  soluble  iodide  to  a  soluble  palladous  salt. 
(The  palladous  iodide  is  soluble  in  excess  of  the  soluble  iodide.) 

Properties. — A  black  substance,  insoluble  either  in  water  or  in 
ammonia,  but  soluble  in  an  excess  of  potassic  iodide.  It  is  decomposed 
by  a  heat  of  662°  F.  (350°  C). 

[N.B. — In  the  laboratory,  palladium  salts  are  used  for  the  estima- 
tion of  iodine,  since  they  do  not  precipitate  either  chlorine  or  bromine.] 

(8.)  PaUadous  Cyanide  (Pd"Cy„). 

Preparation.— the  action  of  potassic  or  mercuric  cyanide  on 
neutral  solutions  of  pallad jus  salt-'. 
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Properties. — A  yellow  substance,  soluble  in  ammonia,  in  acids,  and 
in  an  excess  of  potassic  cyanide. 

(9.)  Hypopalladous  Sulphide  (subsulpJude),  PdjS,  is  prepared  by 
fusing  palladous  sulphide  with  a  mixture  of  ammonic  chloride,  sulphur 
and  potassic  carbonate.    Nitric  acid  has  but  little  action  upon  it. 

(10.)  Palladous  Sulphide  (Pd"S)  is  formed  by  precipitating  a 
palladous  salt  with  sulphuretted  hydrogen.  It  is  insoluble  in  ammonic 
sulphide. 

(11.)  Palladic  Sulphide  is  prepared  by  fusing  the  palladous  sulphide 
with  sodic  carbonate,  and  decomposing  the  compound  formed  with 
hydrochloric  acid. 

Reactions  of  Palladium  Compounds. 

1.  Sulphuretted  hydrogen;  a  black  ppt.  (Pd"S),  insoluble  in  ammonic 
sulphide.    Soluble  in  boiling  HCI. 

2.  Mercuric  cyanide ;  a  yellow  ppt.  (Pd"Cy2)  in  neutral  solutions. 

3.  Potassic  iodide ;  a  black  ppt.  (Pd"l2),  soluble  in  excess. 

4.  Potassic  and  sodic  hydrates;  a  red  or  brown  ppt.,  soluble  in 
excess. 

5.  Potassic  and  sodic  carbonates;  a  brown  precipitate  of  Pd"H202 
with  palladous  compounds. 

6.  Ammonia  and  ammonic  carbonates;  give  with  a  solution  of  palladous 
chloride  a  flesh-colored  ppt.,  soluble  in  excess  of  ammonia. 

7.  Ferrous  sulphate ;  a  black  ppt.  of  metallic  palladium. 
Palladous  salts  are  soluble,  their  solutions  being  either  yellow  or 

brown. 

RHODIUM  (Rh). 

Atomic  weight,  104.    Specific  gravity,  12-1.    Atomicity,  dyad,  Rh"0 ; 
tetrad,  Rh02;  and  pseudo-triad,  RhgOa. 

History.  —  Discovered  by  Wollaston  (1803).  Investigated  by 
Berzelius  and  Claus. 

Natural  History. — Found  in  platinum  ores  (0*5  per  cent.). 

Extraction.— The  excess  of  acid  in  the  solution  of  the  platinum 
ore  in  aqua  regia,  after  extraction  of  the  platinum  (by  NH4CI)  and  of 
the  palladium  (by  mercuric  cyanide)  have  been  effected,  is  first  of  all 
neutralized.  This  neutral  solution  is  now  boiled  with  hydric  sodic 
sulphite,  when  sodic  rhodium  sulphite  (NagRhgeSOg)  is  precipitated. 
The  metal  may  be  obtained  from  a  solution  of  this  salt  by  reducing 
agents  or  by  placing  bars  of  zinc  into  the  solution. 

Properties.— (a.)  Physical.  A  white  hard  metal  (Sp.  gr.  12-1), 
requiring  a  greater  heat  to  fuse  it  even  than  platinum.  It  absorbs 
oxygen  when  melted. 

(/3.)  Chemical. — It  is  oxidised  when  heated  in  air.  If  the  metal  be 
pure  it  is  insoluble  in  acids,  but  it  becomes  soluble  in  nitro-hydro- 
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chloric  acid,  by  alloying  it  with  platinum,  lead,  etc.,  provided  these 
latter  metals  be  present  in  excess.  It  combines  with  sulphur  by 
heat  (RhS).  It  is  dissolved  when  fused  with  potassic  nitrate.  By 
fusion  with  hydric  potassic  sulphate,  a  soluble  potassium  rhodic  sul- 
phate (K2Rh2S04)  is  formed. 

Compounds  of  Rhodium. 


COMPOUNDS. 


I  Rhodous  oxide      . , 
I  Rhodium  sesquioxide 
I  Rhodic  oxide  . .    . . 
,,  chloride 
Rhodoua  sulphide  . . 
Rhodic  sesquisulphide 
, ,  sulphite 
, ,  sulphate 
nitrate 


Formulae 
(Generdl). 


RhO 
Rh.,03 
RhO, 
RhjCig 
RhS 
RhjSg 


Rh2(S03)36H2O 
Rh2(SO,)3l2H20 
Rh,(N03)e 


The  salts  of  the  sesquioxide  are  those  that  have  been  chiefly 
studied. 

Hhodic  chloride  (RhgClg)  is  the  only  chloride  known  for  certain. 
It  is  a  red  body,  and  forms  double  salts  with  alkaline  chlorides. 
(Rh2Cl6,6NaCl,24H20). 

Reactions  op  Rhodium  Compounds. 
Salts,  rose-colored. 

1.  Sulphuretted  hydrogen;  a  brown  ppt.  (possibly  RbgSa)  in  a  hot 
solution,  insoluble  in  ammonic  sulphide. 

2.  Soluble  sulphides ;  a  pale  yellow  ppt. 

3.  Potassic  iodide;  a  yellow  ppt.  (Rhjlg). 

4.  Caustic  alkalies;  a  yellow  ppt.  (RhgOs.SHoO),  soluble  in  acids 
and  in  excess  of  alkali. 

5.  Solutions  of  rhodic  salts  (which  are  usually  rose-colored)  are  de- 
composed by  iron  or  zinc,  with  precipitation  of  metallic  rhodium. 

6.  The  metal  is  reduced  when  heated  in  a  current  of  hydrogen. 

OSMIUM  (Os). 

[Mendeleef  predicts  that  osmium  has  an  atomic  weight  lower  than 
that  of  iridium  (193)  instead  of  higher  than  that  of  gold  (197).] 
Atomic  weight,  198-6.    Specific  gravity,  21-4.    Atomicity,  dyad,  tetrad 

and  hexad. 

History. — Discovered  by  Smifchson  Tennant  (1804),  (oafii],  odor). 
Natural  History. — Is  found  in  platinum  ores,  alloyed  with  iridium 
(osmiridium). 
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Extraction. — A  mixture  of  osmiridium  (see  p.  474)  with  common 
salt  is  heated  in  a  stream  of  moist  chlorine.  The  OSCI4  first  formed,  is 
decomposed  by  the  water,  OSO4  (osmic  acid)  resulting,  which  being 
volatile,  may  be  condensed  in  a  receiver.  The  osmic  acid  solu- 
tion is  then  precipitated  with  ammonia  and  ammonium  sulphide,  OSS4 
being  formed.  A  mixture  of  osmic  sulphide  with  sodic  chloride,  is 
now  heated  in  a  current  of  chlorine,  and  the  mass  treated  with  water. 
A  solution  of  OsCl4,2NaCl  is  in  this  manner  obtained.  To  this  solu- 
tion amnionic  chloride  is  added,  when  a  solution  of  OsCl4,2NH4Cl 
results,  which  on  being  evaporated  to  dryness,  and  the  residue  ignited, 
yields  metallic  osmium. 

Properties. — These  vary.  In  a  stale  of  ■powder,  rhodium  is  black, 
and  has  a  specific  gravity  of  10.  It  is  highly  combustible,  and  is 
easily  oxidised  by  nitric  or  by  nitro-hydrochloric  acid  to  OSO4.  In 
its  compact  form  {i.e.,  after  ignition)  it  exhibits  great  lustre.  It  has  a 
specific  gravity  of  21-4,  and  is  not  soluble  in  acids.  In  the 
crystalline  state  (i.e.,  by  fusing  it  with  tin,  and  afterwards  dissolving 
away  the  tin  with  hydrochloric  acid),  the  metal  has  a  specific  gravity 
of  22'47,  and  is  therefore  the  heaviest  substance  knowui  It  is  the 
least  fusible  of  all  the  metals.  A  heat  which  fuses  platinum,  iridium 
and  ruthenium,  will  not  melt,  although  it  may  volatilise,  osmium. 


Compounds  of  Osmium  (Os  =  199). 


COMPOUNDS. 

FormulfiB 
(General.) 

Molecular 
Weight. 

\    ,,     peroxide  (osmic  acid)    . . 

OsO 

OSjOg 

OsOj 
OsO^ 

215 
446 
231 
263 

GQ 

OsClj 
Os^Clg 
OsC]^ 
OsS^ 

270 
611 
341 
327 

(4.)  Osmic  Peroxide- — (Osmic  acid;  Osmic  anhydride)  (OSO4)  is 
formed  when  metallic  osmium,  or  a  lower  oxide  of  osmium,  is  heated 
in  air,  or  treated  with  aqua  regia.  It  consists  of  colorless  crystals, 
which  are  very  volatile  and  intensely  pungent.  It  fuses  and  boils 
at  about  212°  F.  (100°  C).  It  is  very  soluble  in  water,  the  solution 
being  neutral,  staining  the  skin  black,  and  possessing  a  strongly  irri- 
tating smell.  It  is  a  powerful  oxidising  agent.  It  is  soluble  in 
alkalies,  forming  yellow  solutions.  Sulphuretted  hydrogen  precipi- 
tates a  black  sulphide  (OSS4)  from  alkaline  solutions.  The  peroxide 
is  precipitated  from  its  solutions  as  a  hydrate  by  alcohol  and  ether. 
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OsmateS. — Neither  osmic  acid  (H2OSO4)  nor  osraic  anhydride  have 
been  prepared.  Certain  salts  of  osmic  acid  such  as  potassium  and 
barium  osmates  (K2OSO4  ;  BaOs04)  have  been  obtained. 

Osmic  Sesquichloride  (OsgClg)  forms  double  salts,  such  as 
Os„Cl6,6KCl,6H20. 

Osmic  Chloride  (OSCI4).  Prepared  by  heating  the  metal  in  dry 
chlorine.    A  red  volatile  body,  soluble  in  vs^ater. 

Reactions  of  Osmium  Compounds. 

1.  Osmium  compounds  yield  a  peculiar  odor  when  heated  with  nitric 
acid. 

2.  Sulphuretted  hydrogen,  when  passed  through  a  solution  of  OsO^ 
acidulated  with  HCl,  gives  a  black  ppt.  (OsS^,),  which  is  very  slightly 
soluble  in  ammonic  sulphide. 

Reactions  of  Osmic  Acid: — 

1.  Potassic  nitrite ;  produces  a  red  salt,  viz.,  potassium  osmite. 

2.  Sodic  sidphite ;  produces  a  blue  salt,  viz.,  osmium  sulphite. 

RUTHENIUM  (Ru). 

Atomic  weight,  104"4.  Specific  gravity  of  the  porous  metal,  8'6,  and  of  the 
fused  metal,  11*4.    Atomicity,  dyad  (RuClg),  and  tetrad  (RUCI4). 

History. — Discovered  by  Claus  (1846). 

Natural  History. — Found  in  platinum  ores.  Also  as  a  sulphide 
in  the  mineral  "  laurite,"  together  with  sulphide  of  osmium  (Borneo). 

Extraction. — When  platinum  ore  is  acted  upon  with  aqua  regia, 
an  insoluble  white  scaly  residue  remains,  consisting  of  an  alloy  of 
osmium,  iridium,  and  ruthenium,  with  a  little  rhodium.  When  this 
residue  is  heated  in  a  current  of  air,  the  osmium  is  oxidised  (OSO4) 
and  volatilises,  the  vapor  being  condensed  either  in  flasks  or  in  ai 
solution  of  caustic  potash.  The  osmic  acid  vapor,  moreover,  carries 
over  the  ruthenium  mechanically  mixed  with  it,  as  ruthenic  oxide,  the 
RuOg  not  being  itself  volatile.  This  may  be  collected  on  fragments  of 
porcelain  placed  in  immediate  contact  with  the  heated  tube.  Metallic 
ruthenium  may  be  prepared  from  this  oxide  by  heating  in  hydrogen. 
Ruthenium  and  iridium  are  also  found  in  the  residue  remaining  in  the 
tube.  By  fusing  this  residue  with  potassic  hydrate,  a  soluble  potassic 
ruthenate  (K0RUO4)  is  produced,  from  a  solution  of  which  RuoOg  may 
be  precipitated  by  nitric  acid,  and  the  oxide  formed  reduced  by 
ignition  in  hydrogen. 

Properties. — («•)  Physical.  A  hard,  brittle,  and  almost  infusible 
metal.    Specific  gravity,  12*3. 

(/3.)  Chemical.  Undergoes  oxidation  with  difficulty  when  heated  in 
air,  but  with  readiness  when  heated  with  potassic  hydrate  or  with 
potassic  nitrate,  a  potassic  ruthenate  being  formed.  This  salt,  dissolved 
in  water,  -yields  a  yellow-colored  solution. 
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Compounds  of  Ruthenium. 


COMPOUNDS. 

• 

Formulfie 
(General). 

Molecular 
Weight. 

1 

2 

3 

3a 
4 

5 
6 
7 

8 
9 
10 

^  1      „  hydi-ate   

EuO 
Eu.Oa 
EuOj 
EuH.O, 
EuO^ 

EuClj 

EU^Clg 

RuCl^ 

EuJe 
EU2S3 
EU2SO4 

120-4 
256-8 
136-4 

168-4 

175-5 
421-8 
246-4 

304-8 

Oxides. — Buthenous  oxide  (RuO)  is  a  dark  grey  powder,  not  affected 
by  acids.  Ruthenic  sesquioxide  (RugOg)  and  ruthenic  oxide  (RuOg)  are 
feeble  bases. 

Ruthenic  Peroxide  (RUO4)  is  prepared  by  passing  chlorine 
through  a  solution  of  potassic  ruthenate,  when  the  RUO4  volatilizes  as 
a  yellow  crystalline  body.  The  crystals  fuse  at  104°  F.  (40°  C),  and 
boil  at  212°  F.  (100°  C). 

RuthenateS- — Salts  of  ruthenic  acid  (H2RUO4).  Neither  the  acid 
nor  its  anhydride  (RuOg)  have  been  prepared.  Certain  ruthenates 
(e.g.,  potassium  ruthenate,  KgRuO^,  formed  by  fusing  the  finely  dissolved 
metal  with  caustic  potash  and  nitre)  are  known. 

PerruthenateS. — Salts  of  permthenic  acid  (HRUO4).  Certain 
salts  (such  as  potassium  perruthenate,  KRUO4,  formed  by  the  action 
of  chlorine  on  the  ruthenate)  are  known. 

The  Chlorides. — Riithenous  chloride  (RuClg)  is  prepared  by  heating 
the  metal  in  a  current  of  chlorine.  It  is  insoluble  in  acids.  The  ses- 
quichloride  (RU2O3)  forms  double  chlorides  with  alkaline  chlorides. 
Ruthenic  chlonde  (RUCI4)  is  formed  by  dissolving  ruthenic  hydrate  in 
hydrochloric  acid.  It  also  forms  double  chlorides  with  alkaline  chlo- 
rides.   Ammonium  compounds  of  ruthenium  have  been  prepared. 

Reactions  op  Ruthenium  Compounds. 
Dissolve  the  residue  formed  by  fusing  caustic  potash  with  a  ruthe- 
nium compound,  in  water.    Test  the  solution  as  follows  : — 

1.  Nitric  acid;  a  black  ppt.  (RuoOa). 

2.  Add  hydrochloric  acid  to  the  liquid  holding  the  RU2O3  (formed  by 
re-action  No.  1)  in  suspension.  On  applying  heat,  an  orange  yellow 
solution  results. 

3.  Treat  this  solution  with  sxdphuretted  hydrogen;  a  black  ppt.  results, 
the  filtrate  presenting  a  blue  color. 

4.  Plumbic  acetate ;  a  purple  red  ppt. 
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B.  Metals  whose  Sulphides  are  Soluble  in  the  Alkaline 

Sulphides. 

TIN  (Sn). 

Atomic  weight,  118.  Specific  gravity,  7*28.  Fusing  point,  442'4°  F. 
(228°  C).  Boils  at  about  2912°  F.  (1600°  C).  Specific  heat, 
0'0562.  Atomicity,  dyad,  as  in  stannous  compounds  (as  Sn"0 ; 
Su"Cl2)  ;  and  tetrad,  as  in  stannic  compounds  (Sn^'^Og  ;  Sii'^Cl4). 

History. — The  metal  was  known  to  the  ancients  (Stannum). 

Natural  History. — Found  as  "  tin  stone,"  or  cassiterite  (SnOy),  in 
veins  in  the  granite  and  quartz  (mine-tin).  Also  found  in  small 
round  nodules  in  alluvial  soils  (stream-tin  ore).  It  is  commonly- 
associated  with  arsenical  iron  pyrites,  and  with  manganese  and  iron 
oxides.  It  also  occurs  along  with  tungstic  anhydride  (WO3)  in  the 
mineral  called  "wolfram."    It  rarely  occurs  free. 

Preparation. — (a.)  The  ore  is  first  crushed,  and  afterwards  washed, 
to  remove  foreign  matters  (Sp.  gr.  of  quartz  2*7  ;  Sp.  gr.  of 
Sn02,6-5). 

(/3.)  The  washed  ore  is  then  roasted,  by  which  means  the  arsenicum 
(as  AS2O3)  and  the  sulphur  (as  SOg)  present  in  the  ore  are  ex- 
pelled. The  iron  after  roasting  exists  in  the  ore  as  Fe203,  and  the 
copper  chiefly  as  sulphate.  To  effect  complete  conversion  of  the  sul- 
phide into  sulphate  of  copper,  the  roasted  ore  is  first  of  all  damped 
with  water,  and  then  exposed  to  the  air  for  some  days. 

(y.)  The  mass  is  now  treated  with  water.  By  this  means  the 
cupric  sulphate  is  dissolved  out,  and  much  of  the  ferric  oxide 
mechanically  washed  away,  owing  to  the  specific  gravity  of  the 
ferric  oxide  being  less  than  that  of  stannic  oxide. 

(Z.)  The  residual  tin  ore  is  now  reduced.  This  is  effected  by  mixing 
it  with  powdered  coal  and  a  little  lime,  and  heating  the  mixture  in  a 
reverberatory  (reducing)  furnace  (Sn02-fC2=Sn-h2CO).  The  coal 
reduces  the  SnOg,  carbonic  oxide  being  evolved,  the  lime  forming  a 
fusible  slag  with  the  earthy  impurities. 

(e.)  The  reduced  metal  has  then  to  be  refined,  crude  tin  contain- 
ing iron,  arsenic,  copper  and  tungsten.  The  metal  is  first  of  all 
heated,  when  the  purer  portions,  being  more  fusible  than  the  alloy, 
melt  first,  and  are  allowed  to  run  off  into  moulds  {block  tin),  leaving 
the  less  fusible  and  less  pure  alloy  behind.  The  purity  of  the  tin  is 
roughly  known  by  its  breaking  into  irregular  prismatic  fragments 
(dropped  or  grain  tin)  when  the  hot  ingots  are  struck  with  a  hammer. 

Properties  — («•)  Physical.  A  white  metal,  soft  and  malleable,  but 
not  ductile,  unless  heated  to  212°  F.  (100°  C).  At  392°  F.  (200°  C)  it 
becomes  brittle.   It  is  very  wanting  both  in  tenacity  and  elasticity.  It 
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crackles  when  bent  from  the  friction  and  breaking  of  the  crystals, 
considerable  heat  being  developed.  Its  smell  when  rubbed  is  peculiar. 
It  may  be  made  to  crystallise  by  slow  cooling.  Its  crystalline 
character  is  well  shown  in  the  moire'e  metallique,  prepared  by  wash- 
ing tin  plate  with  dilute  nitro-hydrochloric  acid.  It  fuses  at 
442°  F.  (227°  C),  but  is  not  volatile.  It  is  a  good  conductor  of 
heat  and  electricity. 

(/3.)  Chemical.  At  ordinary  temperatures  tin  is  unacted  upon  either 
by  air  or  by  water,  singly  or  conjointly.  When  melted,  it  undergoes 
superficial  oxidation.  It  burns  in  air  at  a  high  temperature,  with  a 
white  light,  forming  "  putty  powder"  (SnOj).  It  decomposes  steam 
at  a  red  heat,  an  oxide  of  the  metal  being  formed. 

Action  of  Acids. — Strong  nitric  acid  (Sp.  gr.  1-5)  has  no  action  upon 
the  metal,  but  dilute  nitric  acid  (Sp.  gr.  1-3)  forms  with  it  the  white 
insoluble  metastannic  acid  (H2Sn50ii,4H20  =  .oHgSnOg)  and  ammo- 
nia. With  still  more  dilute  nitric  acid  stannous  nitrate  (Sn2N03)  and 
stannic  nitrate  (Sn4N03)  are  formed,  stannic  nitrate  rapidly  decom- 
posing, a  gelatinous  precipitate  of  hydrated  stannic  acid  (HgSnO.,) 
being  precipitated.  When  strong  sulphuric  acid  is  boiled  with  the 
metal,  it  converts  it  into  stannous  sulphate,  sulphurous  acid  being 
evolved  with  separation  of  sulphur,  the  latter  probably  resulting 
from  the  stannous  sulphate  becoming  oxidised  to  stannic  sulphate,  at 
the  expense  of  the  oxygen  of  the  sulphurous  anhydride  (Sn  +  2H2S04= 
SnS04+S02  +  2H20).  Dilute  sulphuric  acid  has  no  action  upon  it. 
Strong  hydrochloric  acid  dissolves  the  metal  when  heated  with  it, 
hydrogen  being  evolved  and  stannous  chloride  formed  (Sn4-2HC1= 
SnClg  +  Hg).  The  metal  is  soluble  in  aqua  regia,  when  stannic  chlo- 
ride (SnCl4)  results. 

The  fixed  alkaline  hydrates,  when  heated  in  contact  with  tin,  dis- 
solve it,  hydrogen  being  evolved,  and  an  alkaline  stannate  formed 
<Sn  +  2KHO  +  H20=K2Sn03  +  2H2).  Tin  combines  readily  by  heat 
with  sulphur,  with  phosphorus,  and  with  the  haloids. 

Impurities. — Lead,  iron,  copper,  arsenic,  antimony,  bismuth,  gold 
and  tungsten. 

Uses. — For  Tin-foil.  Tin  plate  consists  of  iron  coated  with  tin. 
The  iron  (the  positive  element),  after  being  freed  from  adherent  oxide 
by  immersion  in  acids  and  subsequent  scouring  and  washing,  is 
dipped  into  melted  tin  (the  negative  element).  Sometimes  after 
dipping  the  plate  is  hammered,  in  order  to  effect  the  more  perfect 
union  of  the  tin  and  iron  (block  tin).  If  the  covering  of  the  tin 
be  imperfect,  the  corrosion  of  the  iron  is  rendered  more  rapid,  a 
galvanic  couple  being  formed  which  decomposes  the  water,  the 
oxygen  from  which  rusts  the  iron.  In  tinjiing  copper  vessels,  any  oxide 
on  the  copper  is  first  removed  by  rubbing  it  over  with  ammonium 
chloride  and  heating  (CUO  +  2NH4CI  =  CuC]2  +  H20  +  2NH3),  the 
clean  and  hot  surface  being  afterwards  rubbed  with  melted  tin. 
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Pins  are  made  from  brass  wire,  tinned  by.  boiling  in  water  containing 
cream  of  tartar,  alum,  sodic  chloride  and  granulated  tin.  An  acid 
solution  of  tin  is  formed,  from  which  the  tin  is  thrown  down  on  the 
brass  by  electrolytic  action. 

Tin  forms  an  important  ingredient  of  many  alloys,  as,  e.g.,  Britannia 
metal  (Brass,  Sn,  Sb,  equal  proportions)  ;  pewter  (Sn,  Pb)  ;  sjwxulum 
metal  (Cu,  Sn,  a  little  As)  ;  bell  metal,  gun  metal  and  bronze  (Cu,  Sn)  ; 
bronze  coin  (Cu,  Sn,  Zn)  ;  tyj)e  metal  (Sn,  Sb,  Pb)  ;  solder,  such  as  fine 
solder  (2Sn  and  IPb),  common  solder  (ISn  and  IPb),  coarse  solder 
(iSn  and  2Pb).    An  amalgam  of  tin  is  used  for  silvering  mirrors. 

Compounds  of  Tin  (Sn  =  118). 


COMPOUNDS. 


Stannous  oxide 

,,       hydrate    , . 
Sesquioxide  . . 
Stannic  oxide 

, ,  hydrate 
Metastannic  acid 
Stannic  acid . . 
Stannous  chloride  . . 
Stannic  chloride 
Stannous  oxychloride 
, ,      bromide    . . 
Stannic  ,, 
Stannous  iodide 
Stannic  ,, 
Stannous  fluoride    . . 

sulphide  . . 
Sesquisulphide 
Stannic  sulphide 
Stannous  sulphate  . . 
Stannic       , , 


Formulae 
(General). 


Sn"0 
SnH^Oj 
SdjOj 

SnO, 
SnH.O. 
,Sd  0,„4H,0 
HaSnOj 
SnCla 
SnCl^ 
Sa,0Cl2 
SnBr^ 
SnBr. 

Snij 

SnI, 

SnF^ 

SnS 
SujSj 

SnS^ 
SnSO^ 
Sn2S0, 


c3  ^ 


134 


150 

840 
168 
189 
260 


160 
182 


Sn 
per  cent. 


88-06 

78-66 

70-23 

62-43 
45-38 


78-66 


Compounds  of  Tin  and  Oxygen,  etc. 

1.  Stannous  oxide        ...  ...  SnO. 

2.  Stannous  hydrate     ...  ...        ...  SnHoOo. 

3.  Sesquioxide  of  tin  (stannous  stannate)  SugOa. 

4.  Stannic  oxide  ...  •••        •••  SnOg. 

5.  Stannic  hydrate       ...  ...        ...  SnH^O^. 

6.  Metastannic  acid      ...  5Su02,5H20=H2Sn50ii,4H20. 

7.  Stannic  acid   Sn02,H20=H2Sn03. 

(land 2.)  Stannous  Oxide  (SnO)  and  Stannous  Hydrate 

(SnH202). 

Preparation,— {I.)  {As  a  hydrate.)     By  adding  an  excess  of  an 
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alkaline  carbonate  to  a  solution  of  stannous  chloride,  COg  being 
evolved. 

(2.)  (Anhydrous.)  (a.)  Bj  igniting  the  hydrate  in  nitrogen  or  in 
carbonic  anhydride. 

(fi-)  By  heating  stannous  oxalate  in  closed  vessels.  (If  heated  in 
the  open  air  SnOg  is  formed.) 

Properties. — The  hydrate  is  a  white  body  absorbing  oxygen  freely 
from  the  air.  It  is  soluble  when  heated  in  a  strong  solution  of  potassic 
hydrate,  forming  potassium  stannite  (K20,2SnO=K2Sn203),  but  if  the 
boiling  be  long  continued,  or  if  the  solution  be  kept  for  some  time,  the 
metal  is  precipitated,  SuOo  (or  potassium  stannate,  K20,Sn02=K2Su03) 
remaining  in  solution.  It  is  soluble  in  acids.  With  sulphuric  acid  it 
forms  stannous  sulphate  (Sn"S04). 

The  anhydrous  stannous  oxide  is  a  black  body,  permanent  in  air, 
but  burns  like  tinder  when  ignited,  forming  stannic  oxide  (SuOo). 

It  will  therefore  be  noted  that  stannous  oxide  may  act  (a.)  as  a  basic 
oxide,  its  salts  being  called  stannous  salts,  in  which  the  tin  plays  the 
part  of  a  dyad  {e.g.  Sn"S04,  stannous  sulphate),  and  also  (/3.)  as  a  weak 
add  (e.g.,  KgO,  2SnO,  potassiwn  stannite). 

(3-)  Sesquioxide  of  Tin  (SngOg)  is  known. 

(4.)  stannic  Oxide-— -SmoaecZe  of  tin  (SnOg)  is  found  native  as 
tin-stone.  It  is  a  white  powder  when  cold,  and  yellowish  brown  when 
hot.  It  is  formed  whenever  the  hydrates  or  the  metal  or  stannous 
oxide  are  ignited  in  air.  It  is  insoluble  in  acids,  except  in  sulphuric 
acid,  but  forms  soluble  compounds  when  boiled  with  the  alkalies.  It 
forms  two  hydrates,  both  of  which  are  acids. 

Stannic  oxide  may  act  (u.)  as  a  basic  oxide,  its  salts  being  called 
stannic  salts,  in  which  the  tin  plays  the  part  of  a  tetrad  (e.g.  Sn'^(S04)2, 
stannic  sidphate),  and  (/3.)  as  an  acid  in  the  form  of  its  two  hydrates, 
metastannic  and  stannic  acids. 

(6.)  (a.)  Metastannic  Acid. — A  compound  having  the  formula 
(5SnO2,10H2O)  results  when  tin  is  treated  with  nitric  acid.  When 
this  product  is  dried  at  212°  F.  (100°  C.)  it  becomes  5Su02,5H20, 
a  white  powder  insoluble  either  in  water  or  in  acids.  By  the  further 
action  of  heat  upon  this  hydrate,  it  changes  to  a  yellow  color  (probably 
becoming  anhydrous),  forming  what  is  called  "  putty  powder,"  a  sub- 
tance  used  to  polish  plate.  The  acid  forms  nou-crystallisable  salts 
called  "  metastannates,"  in  which  one-fifth  part  of  the  hydrogen  of 
the  acid  is  replaced  by  a  metal — 

Hence  we  regard  HaSugOu^HgO  as  the  formula  for  metastannic  acid. 

(70  (fi.)  Stannic  Acid  (Sn02,H20=H2Sn03)  is  formed  when 
an  alkali  is  added  to  a  solution  of  stannic  chloride.  It  is  soluble 
in  acids.    It  is  also  soluble  in  cold  solutions  of  potassic  and  sodic 
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hydrates,  forming  crystallisable  salts  called  "  stannates"  in  which  the 
whole  of  the  hydrogen  of  the  acid  is  exchanged  for  the  metal  (e.g., 
sodium  stannate,  Sn02,Na20=Na2Sn03). 

Sodiim  Stannate  (NagSnOgjiHgO)  forms  the  "  Tin  Prepare  Liquor  " 
of  the  calico-printer. 

Compounds  of  Tin  and  the  Haloids. 

8.  Stannous  chloride ...        ...        ...  SnClg. 

9.  Stannic  chloride;  (Bromide)       ...    SnCl4;  (SnBr4). 
10.  Stannous  oxychloride      ...        ...  SngOClg. 

(8,10.)  Stannous  (Mori^Q—ProtocMoride  of  tin;  ''Tin  salt;" 
(SnCl^). 

Preparation.  —  (1.)  (As  a  hydrate,  SuClgjSHgO.)  By  dissolving  tin 
in  hydrochloric  acid,  and  evaporating  the  solution  until  it  crystallises. 

(2.)  (Anhydrous,  SnClj.)  (a.)  By  heating  the  hydrate  to  212°  F. 
(100°  C). 

(/3.)  By  heating  tin  filings  with  mercuric  chloride  (Sn  +  HgClg  = 
SnClo  +  Hg). 

Properties. — A  white  crystalline  body,  the  hydrate  being  soluble  in 
about  one-third  its  weight  of  water.  (See  below  for  the  action  of  an  ex- 
cess of  water.)  Sp.  gr.,  2-7.  Its  composition  at  1292°  F.  (700°  C.)  corre- 
sponds to  the  formula  SnjCl4  (molecular  weight  376),  but  at  higher 
temperatures  to  SnCIj  (molecular  weight  189).  Fuses  at  482°  F. 
(250°  C).  Boils  at  1148°  F.  (620°  C).  At  a  high  temperature  under- 
goes decomposition.  It  has  a  strong  attraction  both  for  chlorine  and 
oxygen,  absorbing  the  latter  from  the  air,  whether  exposed  to  it  in  a 
solid  or  dissolved  state,  a  mixture  of  stannic  chloride  and  stannous 
oxychloride  being  formed.  Hence  the  use  of  stannous  chloride  as  a 
reducing  agent  ; — dechlorinating  chlorides  (SnCl2-f-2HgCl2  =  SnCl^-H. 
HgnCU)  ; — deoxidising  salts  of  mercury,  silver  and  gold  ;— converting 
ferric  and  cuprio  salts  into  ferrous  and  cuprous  salts  ;— depriving 
sulphurous  acid  of  its  oxygen  (a  yellow  precipitate  of  stannic  sulphide 
being  thrown  down)  ; — deoxidising  indigo  ; — reducing  combined 
metallic  acids  (such  as  CrOg,  AsgOs,  etc.)  to  a  lower  state  of  oxidation, 
etc.  When  mixed  with  a  large  quantity  of  water,  stannous  chloride  is 
decomposed,  and  a  basic  salt  precipitated  (SnO,HCl).  If  this  mix- 
ture be  exposed  to  the  air,  a  white  hydrated  oxychloride  is  formed 
(2SnCl2  +  H20  =  SnoOCl2  +  2HCl). 

Stannous  chloride  forms  double  crystallizable  chlorides. 

Stannous  chloride  constitutes  the  "  tin  crystals,"  or  "  salts  of  tin,"  of 
the  dyer.  It  is  commonly  dissolved  for  use  in  a  copper  vessel,  its 
solubility  being  increased  by  the  resulting  voltaic  action. 

(9.)  Stannic  Chloride  (SnCU).— Bichloride  and  tetrachloride  of 
tin  ;  fuming  liquor  of  Libavius ;  butter  of  tin  ;  oxymuriate  of  tin. 
Preparation. — (1.)  By  passing  chlorine  over  fused  metallic  tin. 
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(2.)  By  distilling  together  powdered  tin  (1  part)  and  mercuric  chlo- 
ride (4  parts)  (2HgCl2+Sn=SnCl4+Hg2). 

Properties. — The  anhydrous  salt  is  a  thin,  colorless  fuming  liquid, 
boiling  at  239-5°  F.  (115-3°  C).  Sp.  gr.  2-234  at  50°  F,  (10°  C.)-  It 
has  a  vapor  density  of  9-2.  When  mixed  with  a  little  water,  it 
solidifies  to  a  soft  mass  called  "  butter  of  tin  "  (SnC^jSHgO),  but  it 
also  forms  hydrates  with  5  and  8  molecules  of  water.  On  adding 
an  excess  of  water  to  stannic  chloride,  hydrated  stannic  acid  is  thrown 
down,  and  hydrochloric  acid  set  free.  It  forms  numerous  double  salts 
with  metallic  chlorides  called  chloro-stannates  (as  e.g.,  the  "  pink  salt " 
of  the  dyer,  2NH4Cl,SnCl4).  Stannic  chloride  is  largely  used  by  dyers 
(called  nitro-muriate  of  tin)  for  the  purpose  of  fixing  and  brightening 
red  colors. 

(11  to  15.)  Stannic  and  stannous  bromide  (SnBrg  and  SnBr4),  the 
corresponding  iodine  compounds  (Snig  and  Snl^),  and  stannous  fluoride 
(SnFg),  have  been  prepared — the  stannous  compounds,  by  the  action 
of  the  hydracid  on  tin,  and  the  stannic  compounds  by  the  direct  union 
of  tin.  with  the  haloid  element.  No  stannic  fluoride  has  been  pre- 
pared, but  from  the  existence  of  the  stannico-fluorides  (e.g.,  KgFgjSnF^) 
such  a  compound  may  be  assumed  to  exist. 

Compounds  of  Tin  and  Sulphur. 

16.  Stannous  sulphide        ...       ...       ...        ...  SnS. 

17.  Sesquisulphide  of  tin  (stannous  sulphostannate)  SugSs. 

18.  Stannic  sulphide...        ...        ...        ...        ...  SnSg. 

(16.)  Stannous  Sulphide. — ProtosulpUde  of  tin  (SnS).  Found 
native  as  "  tin  pyrites." 

Preparation. — (1.)  {Anhydrous.^  By  fusing  together  tin  and  sulphur. 

(2.)  (As  a  hydrate.)  By  passing  sulphuretted  hydrogen  through  a 
solution  of  a  stannous  salt  (SnCl2  +  H2S=SnS  +  2HCl). 

Properties. — A  blackish  grey  body,  soluble  in  hot  hydrochloric  acid 
(SnS  +  2HCl=SnGl2  +  H2S)  and  in  yellow  ammonium  sulphide.  The 
aulpho-stannates  (M'gSnSs)  are  formed  by  the  action  of  an  alkaline 
disulphide  on  stannous  sulphide,  from  which  solutions  stannic  acid  is 
precipitated  on  the  addition  of  acids. 

(17.)  Sesquisulphide  of  Tin  (Sn2S3)  {stannous  sulphostannate)  is 
prepared  by  heating  stannous  sulphide  with  one-third  its  weight  of 
sulphur. 

(18.)  Stannic  Sulphide. — Bisulphide  of  tin  ;  mosaic  gold  (a  crys- 
talline sulphide)  ;  bronze  powder  (SnS2). 

Preparation. — (1.)  (Anhydrous.)  By  heating  together,  at  a  low  red 
heat,  tin  (12  parts),  mercury  (6  parts),  ammonium  chloride  (6  parts)  and 
sulphur  (7  parts),  the  stannic  sulphide  subliming. 

(2.)  (As  a  hydrate.)  By  passing  sulphuretted  hydrogen  through  an 
acid  solution  of  a  stannic  salt. 
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Properties. — A  yellow-colored  body,  used  in  the  arts  as  an  imitation 
of  gold  or  bronze.  It  is  decomposed  by  heat  into  stannous  sulphide 
(SnS)  and  free  sulphur.  It  is  soluble  in  solutions  of  the  alkaline 
hydrates  and  sulphides  when  heated,  and  also  in  aqua  regia,  but  is 
insoluble  in  nitric  or  in  hydrochloric  acids. 

Sulpho-stannates  are  also  formed  by  dissolving  stannic  sulphide  in 
solutions  of  the  alkaline  polysulphides  (see  above). 

Reactions  of  the  Compounds  of  Tin. 
(A.)  Stannous  Salts  : — 

(1.)  In  solution,  stannous  salts  absorb  oxygen  and  become  stannic 
salts. 

(2.)  Caustic  alkalies  precipitate  SnHoOo  ;  ppt.  soluble  in  excess. 
On  boiling,  a  portion  of  the  metal  separates  and  an  alkaline  stannate 
remains  in  solution. 

(3.)  Ammonia ;  ppt,  of  SnHgOj,  insoluble  in  excess. 

(4.)  Alkaline  carbonates  (ppt,  similar  to  that  produced  by  ammonia). 

(5.)  Sulphuretted  hydrogen.  A  dark  brown  ppt.  of  SnS  in  acid  or 
neutral  solutions. 

(6.)  Auric  chloride  gives  a  purple  precipitate  (Purple  of  Cassius)  in 
solutions  of  stannous  chloride  containing  a  small  quantity  of  stannic 
chloride. 

(7.)  Mercuric  chloride.  A  white  ppt,  with  stannous  chloride  of 
HggClg,  Avhich  on  heating  becomes  grey  from  the  formation  of  metallic 
mercury. 

(B.)  Stannic  Salts  : — 

(1.)  Caustic  alkalies.  A  Avhite  precipitate  of  HaSnOg,  soluble  in 
excess. 

(2.)  Sulphuretted  hydrogen.  A  yellow  precipitate  of  SnSo  soluble  in 
alkalies  aud  in  alkaline  sulphides. 

TITANIUM  (Ti). 

Atomic  weight,  48.    Specific  gravity,  5*3.     Atomicity,  dyad  in  titanous 
compounds  (TiClg)}  and  tetrad  in  titanic  compounds  (TiCl4). 

History. — Discovered  by  Gregor  (1791).  \_Titan,  a  son  of  the 
earth,] 

Natural  History.— It  is  never  found  free,  but  occurs  as  FcgTigOs 
iu  titaniferous  iron  {iron  sand)  ;  also  as  titanic  anhydride  (TiOfi) 
in  rutile,  anatase,  brookite,  etc. 

In  iron  furnaces  certain  crystals  are  frequently  found  adhering  to  the 
slag,  and  consist  of  a  mixture  of  cyanide  and  nitride  of  titanium 
(TiCysjSTigNg)  (Wohler).  These  crystals  are  extremely  hard,  almost 
absolutely  infusible,  and  have  a  specific  gravity  of  5*3.     They  are 
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insoluble  in  any  acid,  except  in  a  mixture  of  nitric  and  hydrofluoric 
acids. 

Preparation- — (l.)  By  heating  titanic  oxide  (TiOg)  with  char- 
coal. 

(2.)  By  heating  sodium  in  the  vapor  of  titanic  chloride. 
(3.)  By  heating  potassium  titano-fluoride  (TiF4,2KF),  with  potas- 
sium. 

Properties. — A  dark  green  substance.  Specific  gravity  5-3.  It 
burns  with  vivid  scintillations  in  air  and  oxygen,  and  in  burning 
absorbs  both  oxygen  and  nitrogen.  Hydrochloric  acid  dissolves  it, 
with  the  evolution  of  hydrogen.  It  possesses  great  affinity  for 
nitrogen. 

Compounds  of  Titanium  (Ti  =  48). 


1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 


COMPOIJNDS. 


Titanous  oxide  

Sesquioxide  of  titanium  

Titanic  oxide  (anhydride)  

Titanic  acid     . .  '  

Titanous  chloride  

Titanic  cHoride 

Ditanic  hexafluoride   

Titanic  fluoride   

Titanic  sulphide   

Titanic  nitrides    | 

Titanic  cyano-nitride   


Formulae 

Molecular 

(Common). 

Weight. 

TiO 

64 

Ti,03 

144 

TiOj 

80 

TiOj,H,0 
TiCL 

98 

119 

TiCl, 

190 

TiF, 

210 

124 

TiS^ 

112 

TiN^ 

76 

Compounds  of  Titanium  and  Oxygen,  etc. 

Titanous  oxide    TiO. 

Sesquioxide  of  titanium    TijOg. 

Titanic  oxide  (or  anhydride)       . . .  TiOg. 
Titanic  acid  ...  (H2Ti03)=Ti02,H20. 

(1.)  Titanous  Oxide-— Protoxide  of  titanium  (TiO)  is  a  black  pow- 
der, and  may  be  obtained  by  heating  TiOg  in  a  crucible  lined  with 
charcoal  (?),  or  as  a  hydrate  by  adding  ammonia  to  a  solution  of  a 
titanous  salt.  On  boiling  this  precipitate  in  the  solution,  titanic  acid 
is  formed. 

(2.)  Sesquioxide  of  Titanium  (TigOg)  is  obtained  as  a  dark 
brown  powder  by  igniting  titanic  anhydride  in  a  current  of  hydrogen. 
It  rapidly  absorbs  oxygen  from  the  air. 

(3  and 4.)  Titanic  Oxide— AWtZe ;  titanic  anhydride ;  titanic 
acid  (TiOj).  This  body  occurs  native  as  r utile  {Specific  gravity,  4-25  ; 
Crystals,  brown  needle-prisms),  anatase,  {Specific  gravity,  3-9  ;  Crystals, 
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blue  transparent  octahedra),  and  brookite  (Specific  gravity,  4*13  ; 
Crystals,  rigid  rhombic  prisms).  It  also  occurs  in  combination  with 
oxide  of  iron  (iron  sand). 

Preparation. — (1.)  Powdered  "  rutile,"  or  "  iron  sand,"  is  first  fused 
with  potassic  carbonate.  After  the  fused  mass  has  been  treated  with 
hot  water,  the  residue  (an  acid  potassic  titanate)  is  dissolved  in  hydro- 
chloric acid,  and  the  solution  evaporated  to  dryness.  In  this  way  the 
titanic  oxide  with  any  silica  present  are  converted  into  their  insoluble 
modifications.  The  residue  is  now  fused  with  acid  potassic  sulphate, 
whereby  a  yellow  mass  is  obtained  having  the  composition  TiOajSOs, 
and  which,  being  soluble,  may  be  separated  from  the  silica  by  treat- 
ment with  cold  water.  On  boiling  this  solution,  titanic  oxide  is 
precipitated  as  a  white  powder. 

(2.)  Titanic  acid  may  be  prepared  by  adding  ammonia  to  a  solution 
of  titanic  chloride,  when  Ti02,2H20  is  precipitated,  which  on  drying 
in  vacuo,  becomes  TiOo,  HgO.  At  a  higher  temperature  the  anhy- 
dride  (TiOo)  will  be  formed. 

Properties. — Titanic  oxide  (anhydride)  is  a  white  powder,  which  on 
ignition  becomes  black.  It  is  insoluble  in  all  acids,  except  in  hydro- 
fluoric and  boiling  sulphuric  acids.  Fused  with  potassic  carbonate  it 
forms  a  yellow  potassic  titanate,  which  is  soluble  in  hydrochloric  acid, 
and  from  which  solution  titanic  oxide  may  be  precipitated  as  a  hy- 
drate on  adding  ammonic  carbonate. 

If  a  mixture  of  charcoal  and  titanic  anhydride  be  heated,  and  whilst 
hot  introduced  into  a  jar  of  nitrogen,  the  nitrogen  will  be  absorbed 
and  CO  formed.  If  ammonia  gas  be  passed  over  red-hot  titanic 
anhydride,  the  violet  titanium  dinitride  (TiNg)  is  foi-med. 

Titanic  acid  {hydrate)  is  yellow  when  hot  and  white  when  cold. 
It  is  soluble  in  hydrochloric  and  sulphuric  acids,  thus  distinguishing  it 
from  silica.  It  is  insoluble  in  a  solution  of  potassic  hydrate,  but 
forms  a  titanate  when  fused  with  potash.  This  potassium  titanate  is 
decomposed  by  water,  an  acid  potassic  titanate  being  formed  which  is 
soluble  in  hydrochloric  acid,  from  which  solution  hydrated  titanic 
acid  (TiOsjHgO)  may  be  precipitated  by  ammonia.  Our  knowledge 
of  the  titanates  is  imperfect.  The  normal  salts  are  insoluble  in 
water. 

Probably  the  hydrates  of  titanic  oxide  are  analogous  to  the  hy- 
drates of  stannic  oxide,  viz.,  titanic  and  meta-titanic  acids  {see 
page  481). 

Compounds  of  Titanium  and  Chlorine. 

5.  Titanous  chloride         ...       ...       •••  TiClg. 

6.  Titanic  chloride  ...       ...       ...       •••  TiCli. 

(5.)  Titanous  Chloride  (TiCla)  forms  lustrous  violet-colored 
crystals,  and  may  be  prepared  by  heating  titanic  chloride  in  hydrogen. 
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The  solution  of  the  salt,  which  at  first  is  violet-colored,  becomes 
colorless  on  exposure  to  air. 

(6.)  Titanic  Chloride- — Tetrachloride  of  titanium  (TiCl4)  is  pre- 
pared by  passing  chlorine  over  a  red-hot  mixture  of  titanic  oxide 
and  charcoal  (TiOg  +  2C  +  2C12  =  TiC]4  +  2C0).  It  is  a  volatile, 
fuming,  colorless  liquid  (Sp.  gr.  of  vapor,  6"836  ;  of  liquid,  1'761  at 
32°  F.).  It  boils  at  275°  F.  (135°  C).  It  is  decomposed  by  an  excess 
of  water,  titanic  acid  being  precipitated. 

(9.)  Titanic  Sulphide  (TiSo)  is  formed  as  a  yellow  solid  when 
the  vapor  of  TiCl4  mixed  with  HgS  is  passed  through  a  red-hot  tube. 

(10,  11,  12.)  Titanic  Nitride  (TiNg)  is  a  dark  powder  formed  by 
heating  TiOo  in  a  current  of  nitrogen.  The  nitride  Ti3N4  is  formed  by 
heating  the  compound  TiCl4,4NH3  in  a  current  of  gaseous  ammonia, 
and  the  nitride  TisNg  by  heating  Ti3N4  in  hydrogen.  The  cyano- 
nitride  TisNgCy  is  found  in  blast  furnaces  that  have  been  used  for 
smelting  titaniferous  iron.  \_See  reference  under  Natural  History  of 
Titanium.]  Both  the  cyano-nitride  and  the  nitrides  were  formerly 
mistaken  for  metallic  titanium. 

Reaction  op  Titanium  Compounds. 

(A.)  Titanous  Compounds.  (Titanous  salts  only  known  in  solu- 
tion.) 

Ammonium  ^Carbonate. — A  black  ppt.,  changing  to  blue,  then  to 
brown,  and  finally  to  green. 

(B.)  Titanic  Compounds.  (Titanic  acid  and  alkaline  titanates  are 
insoluble  in  water,  but  soluble  in  HCl.) 
(1.)  Ammonia;  a  white  ppt. 
(2.)  Infusion  of  galls ;  an  orange-colored  ppt. 
(3.)  Potassic  ferrocyanide ;  a  brown  ppt. 

(4.)  The  borax  or  microcosmic  bead,  gives  with  titanium  oxide  in 
the  inner  blowpipe  flame  a  yellow  bead  when  hot,  changing  to  violet 
on  cooling. 

ANTIMONY  (Sb). 

Atomic  weight,  122.  Molecular  weight  {probable),  488.  Specific  gravity 
{amorphous),  5'7;  {crystalline),  6  7.  Fusing  point,  842°  F.  (450°  C). 
Boils  between  1100°  and  1450°  C.  Specific  heat,  0-0508.  Atomicity, 
a  triad  in  antimonious  compounds  (SbCla  ;  SbgOg),  and  a  pentad  in 
antimonic  compounds  (SbCl5  ;  SbgOs). 

History. — Discovered  by  Basil  Valentine  (loth  century). 
Natural  History. — It  is  found  native,  but  more  commonly  occurs 
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as  stibnite  or  grey  antimonij  ore  (SbeS,).  Also  found  as  valentinite 
(SbjOg)  and  as  antimony  ochre. 

Preparation.— (A.)  Crystalline  Form.  (1.)  By  melting  out  the 
antimony  (owing  to  its  ready  fusibility)  from  the  metals  with  which  it 
is  alloyed  {crude  antimony). 

(2.)  (a.)  The  ore  (SbgSg)  is  first  roasted,  in  order  to  drive  off  some 
of  the  sulphur  and  arsenic  present : — 

(/3.)  This  roasted  ore,  which  consists  of  a  mixture  of  oxide  (SbjOj) 
and  sulphide  (SbgSg),  is  now  fused  witli  charcoal  and  sodic  carbonate 
(regulus  of  antimony).  The  sodic  carbonate  converts  any  sulphide 
present  into  oxide  (Sb2S3  +  3]Sra2C03=3C02  +  3Na2S  +  SbgOa),  whilst 
the  carbon  reduces  the  oxide  to  the  metallic  state  (Sb20j  +  3C= 
3CO  +  Sb2). 

(3.)  By  fusing  SbgS,  with  iron  filings  (Sb2Ss  +  3Fe=3FeS  +  Sb2). 
(B.)  Amorphous  Form.    This  variety  is  formed  when  a  solution  of 
tartar  emetic  in  antimonious  cliloride  is  subjected  to  electrolysis. 

Properties. — («•)  Physical.  A  bluish-white,  brittle  metal,  occurring 
both  in  a  crystalline  (rJiombohedra)  and  amorphous  condition.  It  fuses 
at  842°  F.  (450°  C),  and  is  volatile  at  a  bright  red  heat,  when  it  may  be 
distilled.  Contrary  to  the  general  rule,  antimony  expands  on  solidifying. 
Its  power  of  conducting  heat  and  electricity  is  comparatively  small. 
The  amorphous  variety  on  heating  undergoes  a  molecular  change  into 
ordinary  antimony,  the  conversion  being  attended  with  a  considerable 
rise  of  temperature. 

(/3.)  Chemical. — At  ordinary  temperatures  antimony  is  unacted  upon 
by  the  air,  but  when  very  strongly  heated  in  air  it  burns,  forming 
SbgOg  (antimonious  oxide).  It  fuses  and  fires  when  thrown  into 
chlorine,  and  also  combines  with  bromine  and  iodine,  with  the  evolution 
of  great  heat.  With  hot  sulphin-ic  acid  it  yields  antimonious  sulphate, 
sulphurous  anhydride  being  evolved  (2Sb  +  6H2S04  =  Sb2(S04)3 + 
3SO2  +  6H2O).  Nitric  acid  oxidises  it  to  antimonic  anhydride  (Sb205), 
which  is  insoluble  in  the  acid.  It  readily  dissolves  by  heat  in  aqua 
regia,  SbClg  or  SbClg  being  formed  according  to  the  amount  of  acid 
employed.  It  is  also  soluble  when  heated  in  hydrochloric  acid, 
hydrogen  being  evolved  and  SbClj  formed.  It  is  soluble  in  potassic 
sulphide. 

Uses. — It  is  used  in  the  preparation  of  several  alloys,  such  as  type 
metal  (2Pb,  ISn,  and  iSb),  a  compound  that  expands  slightly  on 
cooling,  thus  rendering  the  cast  sharp;  Britannia  metal  (98ii,  ISb)  ; 
pewter  (12Sn,  iSb,  and  Cu),  etc.    It  is  used  in  medicine. 
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Compounds  of  Antimony  (Sb  =  122). 


FormulfiB 

ular 
;ht. 

lific 
ity. 

Sh 

COMPOUNDS. 

(  (rPTlArn.!^ 

Molec 
"Weig 

CO  25 

per  cent. 

1 

Antimoniuretted  hydrogen  . . 

ShHg 

125  0 

97-60 

2 

Antimonious  oxide     . .     . . 

ShjOj 

29^  0 

0  2 

83-56 

3 

Metantimoiiious  acid  . . 

HSbOj 

4 

rs 

i  Antimonious  antimoniate    . . 

Sb,0^ 

5 

Antimonic  oxide  

Sh,0. 

325 

0  0 

6 

Antimonic  acid  

HSbOg 

7 

^  Metantimonic  acid 

H.SKO, 

8 

m 

Antimonious  chloride  . . 

„          oxychloiide    . . 

SbClj 

228-5 

Z  O  / 

53-39 

9 

13 

SbClO 

10 

Antimonic  chloride 

SbCL 

299-5 

2-34 

11 

.  Comp( 

oxy  trichloride    . . 

SbCl.O 

12 

sulpho- trichloride 

SbSCIj 

13 

Antimonious  hromide  . . 

SbBr, 

14 

'f-i 
o 

iodide 

Sbig 

15 

, ,          fluoride  . . 

SbFj 

16 

^Antimonic  „ 

SbF, 

17 

Antimonious  sulphide  . , 

SbjSg 

340-0 

4-5 

71-77 

18 

Antimonic  ,, 

SbjSj 

404-0 

60-4 

19 

O  1 

Sulphantimonious  acid 

H^SbS, 

20 

00  a  \ 

o 
O 

Sulphantimonic            .    . . 

HaSbS, 

Compound  op  Antimony  and  Hydrogen. 
(1.)  Antimoniuretted  (or  Antimonetted)  Hydrogen ;  Stihine ; 

Antimonious  hydride  (SbH3=125). 

Preparation. — By  acting  with  dilute  sulphuric  acid  either  (a.)  on 
zinc  mixed  with  an  antimonious  salt,  or  (/3.)  on  an  alloy  of  zinc 
and  antimony  (see  Nascent  Hydrogen,  p.  11). 

SbClg      +     SHo     =       SbHg      +  3HC1. 
Antimonious    +    Hydrogen    =    Antimonetted    +    Hydrochloric  acid, 
chloride  hydrogen 

Properties. — A  colorless,  combustible  gas,  forming,  when  burnt  in  a 
free  supply  of  air,  antimonious  oxide  and  water  (2SbH3+302=  SbaO.., 
+  SHgO),  but  if  the  supply  of  air  be  limited,  producing  the  metal  and 
water,  only  the  hydrogen  in  tbe  latter  case  being  oxidized  (4SbH3  + 
302=Sb4+6H20).  A  piece  of  cold  porcelain  held  in  the  flame  of 
antimoniuretted  hydrogen,  becomes  coated  with  a  black  film  of  the 
metal.  The  gas  is  decomposed  into  its  elements  when  passed  through 
a  red  hot  tube. 

If  the  gas  be  passed  into  a  solution  of  argentic  nitrate,  a  black  pre- 
cipitate of  antimonious  argentide  (SbAgg)  is  formed.  (N.B.— AsH, 
precipitates  metallic  silver.) 

3AgN0,       +     SbHj      =    3HNO3    +  SbAg3 
Argentic  nitrate    +  Antimoniuretted  =    Nitric  acid    +    Antimonious  argentide. 
hydrogen. 
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Sb203,Sb205(=Sb204). 

HSbOs  (  =  Sb„05,H20). 
H^SbjOT  (=Sb203,2H20). 


From  the  above  reaction  the  composition  of  the  gas  as  SbHs  may 
be  inferred,  exact  determination  being  impossible,  owing  to  its  having 
never  been  obtained  free  from  hydrogen.  SbHg  being  its  composition, 
its  relationship  to  NHg,  to  PH3,  and  to  AsHg  becomes  obvious.  More- 
over compounds  of  antimony  with  the  alcohol-radicals,  analogous 
to  those  formed  by  nitrogen,  phosphorus  and  arsenic  also  exist,  such 
as  for  example— trimethyl- (or  ethyl  or  amyl)  stibine  [Sb  (CHa),]. 

Compounds  of  Antimony  and  Oxygen. 

2.  Antimonious  oxide  (anhydride)  SbgOj. 

3.  Metantimonious  acid    HSbO 

4.  Antimonious  antimonic  oxide 

5.  Antimonic  oxide  (anhydride) 

6.  Antimonic  acid  ... 

7.  Met-antimonic  acid 

(2.)  Antimonious  Oxide  (or  Anhydride) ;  Trioxide;  Sesquioxide; 

(SbgOg).  Molecular  volume,  \    |  |. 

Natural  History. — Found  native  as  valentinite  (white  antimony  ore  ; 
Sp.  gr.  5*56)  and  as  senajnnontite. 

Preparation. — (1.)  By  the  combustion  of  metallic  antimony  in  a 
limited  supply  of  air  or  oxygen  (2Sb2  + 302=2Sb203). 

(2.)  By  the  action  of  heat  on  metantimonious  acid  (2HSb02= 
HgO  +  SboOs). 

(3.)  By  first  digesting  and  afterwards  heating  the  precipitate  of  the 
basic  salt  (formed  when  a  solution  of  antimonious  chloride  is  poured 
into  water)  in  a  solution  of  sodic  carbonate  : — 

2SbCl3     +  3Na2C03  =       SboO,     +      3CO2    +  6NaCl. 
Antimonious    -f-       Sodic       =    Antimonious    +    Carbonic     +  Sodic 
chloride  carbonate  oxide  anhydride  chloride. 

Properties. — A  dimorphous  body,  crystallising  (like  AsjOg)  both  in 
needles  and  in  octahedra.  It  is  yellow  when  hot,  and  white  (or  bufE- 
colored)  when  cold.  It  is  fusible,  volatile,  and  combustible  at  a  red 
heat,  Sbg04  constituting  one  of  the  products. 

It  is  almost  insoluble  in  water,  and  in  dilute  sulphuric  acid.  It  is 
soluble  both  in  hydrochloric  acid  (SbClj  being  formed)  and  in  tartaric 
acid  (the  tartrate  being  formed).  By  the  action  upon  it  of  nitric  acid, 
it  is  converted  into  antimonic  anhydride  (Sb205). 

It  is  soluble  in  a  boiling  solution  of  hydric-potassic  tartrate  (cream 
of  tartar),  (KHC4H40e),  forming  the  compound  known  as  tartar  emetic 
(K,SbO,C4H406),  which,  unlike  salts  of  antimony  generally,  is  both 
soluble  in,  and  undecomposed  by,  water. 

By  ignition  in  hydrogen  or  with  carbon,  the  oxide  is  reduced  to  the 
metallic  state  (Sb203-|-3C=2Sb  +  3CO). 

Antimonious  oxide  possesses  both  weak  basic  and  weak  acid  pro- 
perties. Thus,  as  a  weak  base,  an  insoluble  antimonious  sulphate 
(Sb203,3S03)  is  formed  by  the  action  of  sulphuric  acid  upon  it.    As  a 
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xveah  acid,  it  is  soluble  in  solutions  of  the  fixed  alkalies.    Hence  it  is 
called  antimonioiis  acid,  and  its  salts  antimonites  (M'SbOo). 
Uses. — As  a  substitute  for  white  lead. 

(3.)  Metantimonious  Acid  (HSbOs)  is  formed  when  antimonious 
chloride  is  poured  into  a  cold  solution  of  sodic  carbonate.  The  anti- 
monites are  ill  defined  compounds.    {See  above.) 

(4.)  Antimonious  Antimonic  Oxide  ;  Diantimonic  tetroxide 
(Frankland) ;  Antimonoso-antimonic  oxide  (Watts) ;  (Sb203,Sb205= 
SbsO^). 

Natural  History. — It  is  found  in  nature  as  cervantite  {antimony 
ochre). 

Preparation. — (a.)  By  the  action  of  heat  on  antimonic  oxide  (SbjOs), 
or        by  burning  antimonious  oxide  (SbgO.^)  in  air. 

(a.)  2Sb204  =  2Sb204  +  Oo. 
(/3.)  2Sb203  +  02  =  2Sb204. 
Properties. — A  grey,  infusible,  non-volatile  powder,  insoluble  both  in 
water  and  in  acids. 

Its  constitution  is  doubtful : — 

(a.)  Some  regard  it  as  (Sb203,Sb205)  because  (1)  when  treated  with 
tartaric  acid,  Sb203  passes  into  solution,  and  SbaOs  remains  undis- 
solved ;  and  (2)  that  when  its  solution  in  hydrochloric  acid  is  dropped 
into  water,  Sb203  is  precipitated,  and  SbgOs  remains  dissolved. 

(/3.)  Others  regard  it  as  Sb204,  because  it  is  soluble  in  alkalies 
without  decomposition.  Thus  it  has  weak  acid  characters,  its  salts, 
which  have  the  general  formula  (M'20,Sb204),  having  been  called 
antimonites  and  hypo-antimonates. 

(5.)  Antimonic  Oxide  (or  Anhydride) ;  Pentoxide  [formerly  called 

Antimonic  acid'\  (Sb20s). 

Preparation.  —  By  heating  the  hydrates  {q,  v.)  below  redness  to 
drive  ofE  combined  water. 

Properties. — Antimonic  oxide  is  white  when  cold  and  yelloAV  when 
hot.  Sp.  gr.  6-6.  At  572°  F.(300°  C.)  it  is  decomposed  into  Sb204  and 
free  oxygen.  It  is  insoluble  both  in  water  and  in  acids.  It  is  soluble 
in,  and  forms  definite  compounds  with,  the  alkalies.  Fused  with  potassic 
carbonate,  KSb03  is  formed. 

Hydrates  {Acids)  of  Antimonic  Oxide. 
(70  Antimonic  Acid,  or  as  it  is  sometimes  called  met-antimonic 
acid  (H20,Sb205=HSb03),  is  formed  when  antimony  is  treated  with 
nitric  acid  (Sb2+ 4HN03=N203  4-2HSb03  +  2N02  + HjO).  The  acid 
is  monobasic,  forming  normal  and  acid  salts,  commonly  called  anti- 
monates. 

(8.)  Met-antimonic  Acid,  or  as  it  is  sometimes  called  p>yro-anti- 
monic  acid  (2H20,Sb203=H4Sb207)  is  formed  when  antimonic  chloride 
is  treated  with  water.  It  forms  both  normal  and  acid  salts,  commonly 
called  metantimonatea. 
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Potassium  antimonate  (KSbOg)  is  prepared  by  fusing  a  mixture  of 
metallic  antimony  and  nitre. 

The  normal  potassium  metantimonate  (K^S\0^)  is  prepared  by  fusing 
the  antimonate  with  caustic  potash,  dissolving  the  fused  mass  in 
water,  and  crystallizing. 

The  hydric-potassitim  metantimonate  (KjHsSbgOT.GHjO),  prepared  by 
acting  on  crystals  of  the  normal  salt  with  a  small  quantity  of  water,  is 
used  in  the  laboratory  as  a  test  reagent  for  sodium  compounds,  forming 
with  them  the  insoluble  salt  (and  the  only  insoluble  sodium  salt 
known)  called  hydric-sodium  metantimonate  (Na2HoSb207,6H20).  It 
should  be  remembered  that  the  normal  potassic  antimonate  (K^SbgOT-), 
into  which  the  acid  antimonate  rapidly  passes,  does  not  precipitate 
sodium  salts. 


Compounds  op  Antimony  with  Chlorine,  etc. 

9.  Antimonious  chloride   

...  SbCl3. 

10.  Antimonious  oxychloride 

...  SbClO. 

11.  Antimonic  chloride   

...  SbClj. 

12.  Antimonic  oxy trichloride 

...  SbC1.30. 

13.  Antimonic  sulphotrichloride  ... 

...  SbClsS. 

14.  Antimonious  bromide   

SbBr^. 

15.          „  iodide 

Sbl3. 

16.         „  fluoride 

...  SbFs. 

17.  Antimonic  fluoride 

...  SbFj. 

(9,  10.)  Antimonious  Chloride  ;  Terchlonde  of  antimony ;  Butter 
of  antimony  (SbClj).    Molecular  volume,  j    j  |. 

Preparation. — (1.)  By  distilling  corrosive  sublimate  with  antimony 
■or  with  antimonious  sulphide  : — 

Sb4      +  4HgCl2  =     2SbCl3     +    SbjEIgs    +  HgoClg. 
Antimony    +    Mercuric    =    Antimonious    +    Antimony    +  Mercuroua 
chloride  chloride  amalgam  chloride. 

(2.)  By  the  action  of  hydrochloric  acid  on  antimonious  sulphide : — 

SboSs       +       6HC1      =     SHjS       +  2SbCl3. 
Antimonious    +    Hydrochloric    =    Sulphuretted    +  Antimonious 
sulphide  acid  hydrogen  chloride. 

(3.)  By  the  direct  union  of  chlorine  and  the  metal  (or  by  the  action 
■of  aqua  regia  on  the  metal) : — 

Sb2  +  3Cl2=2SbCl3. 
(4.)  By  passing  chlorine  over  antimonious  sulphide  : — 

2Sb2S3  +  9Cl2=4SbCl3  +  3S2Cl2. 
(5.)  By  distilling  sodic  chloride  with  antimonious  sulphate : — 

Sb23  SO4  +  6NaCl=2SbCl3  +  3Na2S04. 
Properties. — A  soft,  crystallizable,  deliquescent,  corrosive  solid. 
Sp.  gr.  2-67.     It  is   fusible  at   161-6°  F.  (72°  C),  and  volatile 
at  higher  temperatures.    It  boils  at  433°  F.  (223°  C).    It  is  soluble 
in  hydrochloric  acid  as  well  as  in  a  little  water,  but  is  decomposed  if 
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an  excess  of  water  be  employed,  an  insoluble  oxychloride  or  " powder 
of  algaroth  "  being  formed  (3SbCl3  + 3H20  =  SbCl3,Sb203  (or  3SbC10) 
+  6HC1).  By  the  long-continued  action  of  water  the  antimonious 
oxychloride  becomes  antimonious  oxide  [2(SbCl.j,Sb„03)  +  SHoO  = 
6HCl  +  3Sb„03]. 

Uses. — For  bronzing  gun-barrels  to  prevent  their  rusting.  As  a 
caustic. 

(11,  12,  13.)   Antimonic  Chloride;   PentacMoride   of  antimony 

(SbCIg). 

Prejmratwn.— By  the  action  of  an  excess  of  chlorine  on  (a)  metallic 
antimony  (Sb2  +  5Cl2=2SbC]5),  or  on  (/3)  antimonious  chloride  (SbCL 
-l-Cl2=SbCl5). 

Properties.— A  colorless  fuming  liquid,  having  a  suffocating  odor. 
Mixed  with  a  little  water  it  forms  white  crystals  of  antimonic  oxy-tri- 
chloinde  (SbOCls),  but  when  treated  with  a  quantity  of  water  it  forms 
metanlimonic  acid  (2SbCl5  +  7H2O=H4Sb2O7  +  10HCl).  It  absorbs 
sulphuretted  hydrogen,  forming  the  solid  antimonic  cUorosulphide 
(sulpho-trichloride)  (SbClsS). 

Use.— It  is  an  active  chlorinator,  delivering  up  its  chlorine  with 
great  ease. 

The  analogy  of  the  compounds  of  phosphorus  and  of  antimony  with 
chlorine  and  oxygen  may  be- noted  here.  Thus,  SbCla  and  SbCls 
correspond  to  PCI3  and  PCI5,  whilst  the  chlorosulphide  of  antimony 
(SbClaS)  corresponds  to  the  chlorosulphide  of  phosphorus  (PCI3S). 

Compounds  of  Antimony  and  Sulphur,  etc. 

18.  Antimonious  sulphide    Sb2S3. 

19.  Antimonic  sulphide    Sb2S5. 

20.  Sulph-antimouious  acid    H3SbS3. 

(18.)  Antimonious  Sulphide  (SboSg) ;  Tei  •sxdphide  or  Sesqui- 
sulphide  of  antimony;  Sidphantimonious  anhydride  (Frankland)  ;  Eermes 
mineral  (i.e.,  from  its  color  being  like  the  cochineal  insect.  The  true 
Kermes  mineral,  however,  is  a  mixture  of  antimonious  sulphide  and 
oxide  in  uncertain  proportions).  ,,3j^ao 

JVattiral  History. —It  occurs  as  stibnite  (grey  antimony  ore),  and  in 
combination  with  numerous  other  sulphides. 

Preparation.— (1.)  By  heating  together  (a)  antimony  and  sulphur, 
or  (/3)  antimonious  oxide  and  sulphur — 

(a.)  Sb4  +  3S2  =  2Sb2S3.      ifi.)  2Sb203  +  9S  =  2Sb2S3+3S02. 

(2.)  By  passing  sulphuretted  hydrogen  through  a  solution  of  tar- 
tar emetic  or  of  antimonious  chloride  (2SbCl3  +  SHgS  =  Sb2S3  + 
6HC1). 

Properties.— The  native  compound  is  grey,  brittle,  crystalline  (four- 
sided  prisms),  and  fusible.  The  sulphide,  as  precipitated  by  HjS,  is 
orange-red  {antimony  vermilion),  but  becomes  grey  and  crystalline  on 
the  application  of  heat. 
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In  closed  vessels  it  may  be  distilled  unchanged,  but  when  heated 
in  open  vessels  it  forms  an  oxy-sulplude  (Sb203,2Sb2S3  =  SSbjS'sO), 
which  when  fused,  constitutes  "  glass  of  antimony. "  "  Red  antimony 
ore  "  is  a  native  oxy-sulphide.  It  is  decomposed  by  hydrochloric  acid 
(Sb„S3  +  6HCl  =  3H2S  +  2SbCl3). 

(20.)  Sulphantimonious  Acid;  Sulphantimonites.— Antimo- 

nious  sulphide  is  soluble  in  a  solution  of  an  alkaline  sulphide  or  of 

an  alkaline  hydrate,  soluble  salts  known  as  antimonites  and  sulphanti- 
monites being  formed  : — 

Sb^Sa      +  6KH0  =      KsSbSg  +    K3Sb03   +  H^O. 

Antimonious    +    Potaali    =         Potassic   _    +       Potassic     +  "Water, 
sulphide  sulpli-antimonite  aatimonite 

The  solution,  when  concentrated,  deposits  a  red  powder,  consisting 
of  a  mixture  of  antimonious  oxide  and  antimonious  sulphide  in  vary- 
ing proportions  {Kermes  mineral).  If  an  acid  be  added  to  a  solution 
of  this  compound,  Sb2S3  is  precipitated. 

The  sulphantimonites  are  found  native  as  lead,  silver,  copper,  and 
iron  salts,  e.g.,  AgSbSa;  Pb(SbS3)e. 

(19.)  Antimonic  Sulphide;  Pentasulphide  of  antimony;  Sulphan- 
timonic  anhydride  ;  Sxdphur  auratum  (SboSs). 

Prep)aration.—{\.)  By  passing  sulphuretted  hydrogen  through  a 
solution  of  antimonic  chloride  (2SbCl5+5E[2S  =  SbsSs^- lOHCl). 

(2.)  By  the  action  of  an  acid  on  a  sulphantimonate,  e.g.,  on  sodium 
sulphantimonate,  NasSbSi-  (This  salt  is  prepared  by  crystallizing  the 
solution  formed  when  antimonious  sulphide,  sodium  carbonate,  lime  and 
sulphur  are  boiled  together.) 

Properties. — An  orange  yellow  body,  decomposed  by  heat,  Sb2S3  and 
S  being  formed,  and  also  by  boiling  in  hydrochloric  acid  (Sb2Sa  + 
6HCl=2SbCl,  +  3H2S  +  Ss). 

(20.)  Sulphantimonic  Acid  (HsSbS^  ?) ;  Sulphantimonates.— 

When  antimonic  sulphide  (SbsSs)  is  acted  on  either  with  an  alkaline 
sulphide  or  an  alkaline  hydrate,  a  sulphantimonate  is  formed  :— 
SbeSs  +         3K2S         =  2K3SbS4 

Antimonic  svdphide    +    Potassic  svdphide    =    Potassic  s\ilpli-antiiiionate. 

The  sodium  sulphantimonate  (NagSbSi)  is  known  as  ''Schlippe's 
salt." 

Reactions  of  the  Compounds  of  Antimony. 
[Note.— Antimony  compounds  (excepting  tartar  emetic)  are  for 
the  most  part  insoluble  in  water.] 

1.  Sulphuretted  hydrogen.— An  orange  (or  yellowish-red)  ppt.  in  a 
HCl  solution  of  SbgSj.  Precipitate  is  soluble  in  ammonium  sulphide, 
in  caustic  alkalies,  and  in  concentrated  HCl.  Insoluble  in  ammonium 
carbonate  {See  Arsenic). 

2.  Caustic  alkalies  (potash  or  soda)  and  their  carbonates,  k  white 
ppt.  of  hydrated  oxide,  Sb203,H20.    Soluble  in.  tartaric  acid. 
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3.  A  piece  of  zinc  placed  in  an  hydrochloric  acid  solution  of  a 
compound  of  antimony  contained  in  a  platinum  dish  precipitates  the 
metal  as  a  black  deposit  on  the  platinum. 

4.  In  the  presence  of  nascent  hydrogen,  antimony  compounds  yield 
SbHg  (which  see).  If  the  gas  be  heated  whilst  passing  through  a 
glass  tube,  the  metal  will  be  deposited  on  the  tube.  This  film  will 
be  found  to  be  insoluble  in  a  solution  of  sodium  hypochlorite.  {See 
Arsenic.) 

5.  Heated  on  charcoal  with  sodium  carbonate,  antimony  compounds 
give  a  white  incrustation  of  SbgOg,  but  no  garlic  odor. 

ARSENICUM  (As  =  75). 

Atomic  weight,  75.    Molecular  weight,  300  (See  p.  39.)  Molecular 


volume,  I  I  ].  Siyeeific  gravity,  57  to  5;9.  Specific  heat,  0-0814. 
Atomicity,  triad,  as  in  arsenious  compounds  (e.g.,  AsClg),  and  pentad, 
as  in  arsenic  compounds  (e.g.,  AsoOs). 

History. — Arsenic  has  been  known  from  a  very  early  date.  The 
word  apaeviKov  was  employed  as  early  as  the  fourth  century  by 
Theophrastus.    The  metal  was  first  prepared  by  Brandt,  in  1733. 

Natural  History. — It  is  found  native  both  in  a  free  state  and 
alloyed  with  other  metals,  such  as  Co,  Fe,  Ni,  etc.  It  sometimes 
occurs  as  a  Sidphide  (realgar,  As^S^,  and  orpiment,  AsoSg),  but  is  more 
frequently  found  in  combination  with  metals  as  an  arsenide,  as  e.g., 
hupfernickel  (NiAs  and  NiAsg),  tin-white  cobalt  (CoAsg).  Frequently 
it  is  found  as  an  arsenio-sulphide,  as  mispicTcel  or  arsenical  pyrites 
(FeSgjFeAse),  or  as  cobalt  glance  (CoSgjCoAsg),  or  as  nickel  glance 
(NiSgjNiAsg),  etc.  It  is  found  in  some  mineral  waters,  in  soils,  in 
commercial  zinc,  in  coal  smoke  (from  pyrites),  etc.  It  is  invariably 
present  in  commercial  sulphuric  and  hydrochloric  acids. 

Preparation. — By  the  reduction  of  arsenious  anhydride  with  char- 
coal.   The  metal,  being  volatile,  sublimes  (AS2O3  +  3C  =  Asg  +  3C0). 

Properties.— (a.)  Physical.  Its  molecular  weight,  deduced  from  its 
vapor  density,  is  300;  in  other  words,  the  vapor  density  (150)  of 
arsenicum,  is  twice  that  of  its  atomic  weight  (75),  instead  of,  as  in 
the  case  of  most  of  the  other  elements,  being  the  same  as  its  atomic 
weight.  The  molecule,  therefore,  is  assumed  to  be  dike  that  of 
phosphorus)  tetratomic  (Asi^),  and  its  molecular  weight,  75  x4  =  300. 
At  very  high  temperatures,  however,  partial  dissociation  occurs,  the 
molecule  being  between  Asg  and  AS4. 

Arsenicum  occurs  both  in  an  amorphous ; form  (Sp.  gr.  5-71)  and 
as  crystals  (Sp.  gr.  5-9),  having  a  brilliantly  metallic  steel-grey  lustre. 
The^  amorphous  variety  changes  to  the  crystalline  when  heated  to 
680°  F.  (360°  C).  When  heated  under  ordinary  pressure  to  356°  F. 
(180°  C.)  arsenicum  volatilises  without  fusing,  but  the  metal  may  be 
fused  by  heating  it  in  a  sealed  tube,  so  that  it  may  be  subjected  to  the 
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pressure  of  its  own  vapor.  It  is  a  conductor  of  electricity.  TJie  metal 
is  not  a  poison  until  it  becomes  oxidised. 

(/3.)  Chemical.  When  the  dry  metal  is  exposed  to  dry  air  it  under- 
goes no  change,  but  the  powdered  metal  in  the  presence  of  moisture 
slowly  oxidises,  forming  "  fly-powder,"  probably  a  mixture  of  metallic 
arsenic  and  AsgOs-  Heated  to  160°  F.  (71°  C.)  in  air  or  oxygen,  it 
gives  off  condensible,  colorless,  garlic-smelling  fumes  of  AsgOs-  -A-t  a 
red  heat,  the  metal  burns  with  a  white  flame.  It  may  be  preserved 
unchanged  in  pure  water.  The  powdered  metal  fires  spontaneously 
when  thrown  into  chlorine,  its  union,  when  heated  in  contact  with 
bromine,  iodine,  and  sulphur,  being  also  energetic.  Nitric  acid  con- 
verts it  into  arsenic  acid.  Hydrochloric  acid  has  no  action  upon  it, 
unless  it  be  mixed  with  potassic  chlorate,  when  arsenic  acid  is  formed. 
It  is  soluble  in  a  solution  of  bleaching  powder  (calcium  hypochlorite). 

Some  chemists  regard  arsenicum  as  a  non-metal.  In  support  of 
this  view  they  urge  its  many  analogies  to  phosphorus  and  nitrogen. 
Like  the  former,  it  burns  spontaneously  when  placed  in  chlorine,  and 
combines  readily  with  sulphur  and  with  the  metals.  Moreover,  it 
is  capable  of  existing  in  various  allotropic  modifications,  each  pos- 
sessing a  different  specific  gravity.  Others  regard  it  as  a  metal,  be- 
cause of  its  high  metallic  lustre,  its  power  of  conducting  electricity, 
its  insolubility  in  common  solvents,  and  the  ease  with  which  it  forms 
alloys,  the  properties  of  the  metals  with  which  it  is  associated  being 
more  or  less  affected  by  admixture. 

Uses- — I'^or  fly-powder.  In  the  manufacture  of  lead  shot,  a  small 
quantity  of  arsenic  being  added  to  the  lead  in  order  to  increase  its 
hardness,  and  to  facilitate  the  lead  assuming  a  globular  form. 
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COMPOUNDS. 


Arseniuretted  hydrogen  . . 

! Arsenious  anhydride  (oxide) 
,,      acid  ..     ..  .. 
Arsenic  anhydride  (oxide) 
„  acid   

Arsenious  disulphide  (realgar) 
sulphide  (orpiment) 

Sulpharsenious  acid  

Arsenic  sulphide   

Sulpharsenic  acid  

Arsenious  chloride  

bromide  

iodide   

trifluoride 
pentafluoride  . . 


Formulae 

S3  . 

0  tlO 

As 

(General). 

Mole 
Wei 

per  cent. 

AsHs 

78-0 

2-695 

9615 

As"'203 

198-0 

3-7 

76-76 

H3AS03 

As,0, 

230 

65-22 

HjAsO^ 

162 

ASjSj 

214-0 

3-5 

70-09 

AsjS, 

246-0 

3-5 

60-97 

H3ASS3 

AsjSs 

310-0 

48-38 

H3ASS4 

ASCI3 

181-5 

2-205 

AsBrg 

3-66 

Aslg 

456-0 

4-39 

ASP3 

AsF, 
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Compound  of  Arsenic  and  HTDRoaEN. 
Arseniiiretted  hydrogen        ...        ...        ...  AsH 

(1.)  Arseniiiretted    (or   Arsenetted)  Hydrogen  (AsH.,).— 

Arsenious  hydride  ;  arsine ;  trih/clride  of  arsenic. 
History.— Biscovered  by  Scbeele  (1755). 

Preparation.— {I. )  By  acting  with  dihite  sulphuric  acid,  either  (a)  on 
a  mixture  of  zinc  and  arsenious  acid,  or  (/3)  on  an  alloy  of  zinc  and 
arsenicum  (zinc  arsenide).  (Action  of  nascent  hydrogen,  see  page  11)— 

(a.)  AS2O3  +  6Zn  +  =  2ASH3  +  eZnSO^  +  3H„0. 

(/3.)  AsoZn.,  +  3H„S04=  3ZnS04  +  SAsHj. 

(2.)  By  boiling  a  solution  of  caustic  potash  containing  arsenious  acid 
with  pieces  of  metallic  zinc  or  aluminium  (Fleitmann's  test).  This  re- 
action serves  to  distinguish  arsenic  from  antimony  compounds 

Froperties.-(a.)  Sensible  and  Physical.  A  colorless,  garlic-smelling, 
intensely  poisonous  gas.  Sp.  gr.  2-695.  It  is  slightly  soluble  in 
water.  It  liquifies  at  -22°F.  (-30°C.).  It  has  not  as  yet  been 
solidified.    It  IS  decomposed  at  a  low  red  heat  into  its  constituents. 

(^.)  Chemical.  Its  reaction  is  neither  acid  nor  alkaline.  It  burns 
with  a  bluish-white  flame,  forming  water  and  arsenious  anhydride  if 
the  supply  of  air  be  free  (2AsH3  +  30,=As,03  +  3H,0),  or  water  and 
the  metal  if  the  supply  be  limited  (4ASH3  + 302=As4  +  6H20).  The 
flame  deposits  metallic  arsenic  (which,  unlike  the  antimony  film,  is 
soluble  m  a  solution  of  sodium  hypochlorite)  on  bodies  placed  within 
It,  and  arsemous  anhydride  on  bodies  placed  above  it.  If  the  gas  be 
passed  through  a  glass  tube  heated  at  one  spot  with  a  Bunsen  burner, 
a  mirror  of  the  metal  is  formed  in  front  of  the  heated  portion  of  the 
tube  (i/arsA'«  test).  If  this  metallic  deposit  be  heated  whilst  a  current 
of  air  18  passed  through  the  tube,  octahedral  crystals  of  arsenious 
anhydride  are  formed.  The  gas  is  decomposed  by  chlorine,  hydro- 
chloric acid  and  a  solid  hydride  (As,H,  ?)  being  formed.  The  gas  is 
absorbed  by  nitric  acid,  arsenic  acid  being  produced  ;   also  by  cupric 

fjcn'  ^""'^"'"^^  ''''^P^'  ^^'""^  precipitated  (2AsH3-|-3CuS04= 
dHgi^O.  +  As^Cuj);  also  by  argentic  nitrate,  arsenious  and  nitric  acids 
being  formed  and  the  silver  precipitated  (AsHg-^eAgNOs +  3H„0  = 
6HN0,  +  H3ASO,  -f  3Ag,)  (Hoffmann's  test).  The  gas  is  als^  ab- 
sorbed by  a  solution  of  corrosive  sublimate,  by  oil  of  turpentine,  etc. 
Chemica  ly  arseniuretted  hydrogen  (ASH3)  is  closely  related  to  am- 
monia (NH3)  and  to  phosphoretted  hydrogen  (PH3),  all  three  gases 
being  inflammable,  possessing  a  peculiar  smell,  being  decomposed  by 
heat,  and  formed  by  the  action  of  nascent  hydrogen  on  the  corre- 
spondmg  oxygen  compounds  (viz.,  N^Og  ;  P2O3  ;  Cu^Oa) 
Arseniuretted  hydrogen  is  a  vinilent  poison. 

A  solid  hydride  (H,As,  (Soubeiran)  or  As^H^  (Wiederhold),)  is 
said  to  be  formed  when  a  plate  of  arsenicum  is  used  as  the  nega- 
tive pole  in  the  electrolysis  of  water,  and  when  sodium  arsenide  is 
decomposed  by  the  action  of  water. 
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Compounds  of  Arsenic  and  Oxygen,  etc. 

2.  Arsenious  anhydride         ...        ...  AsgOs. 

3.  „        acid    HjAsOg. 

4.  Arsenic  anhydride  ...        ...        ...  As^Oy 

5.  „       acid    ri3As04. 

(2,  3.)  Arsenious  Anhydride;  Arsenious  acid;  Arsenic  trioxide ; 
White  arsenic  ;  Arsenic  (AsgOg).— ArseniouS  Acid  (H3As03=As203, 
SHoO).    (The  acid  is  only  known  in  solution.) 

Natural  History. — Arsenic  is  found  native  as  arsenite,  or  "arsenic 
bloom." 

Preparation.— Either  (1)  by  roasting  arsenical  ores  in  a  current  of 
air,  or  (2)  by  heating  arsenicum  in  air. 

Properties. — (a.)  Physical.  Arsenic  exists  in  two  forms  : — (1.)  A 
vitreous  form  (specific  gravity  3-738).  This  variety  is  transparent  and 
colorless  when  first  prepared,  but  becomes  opaque,  yellowish-white, 
and  somewhat  like  porcelain,  after  exposure  to  air.  (2.)  A  crystalline 
form  (specific  gravity,  3*695).  This  variety  is  formed  when  arsenic  is 
carefully  sublimed  in  small  quantities  (rhombic  crystals),  or  is  crystal- 
lized from  a  hydrochloric  acid  solution  (octahedral  crystals.) 

Arsenic  is  very  nearly,  if  not  entirely,  destitute  both  of  taste  and 
smell.  The  opaque  variety  has  a  lower  specific  gravity  than  the 
transparent.  Heat  converts  the  opaque  form  into  the  vitreous,  whilst 
mere  grinding  in  a  mortar  converts  the  vitreous  into  the  opaque. 
Heated  to  380°  F.  (193°  C),  arsenic  softens  and  sublimes  without 
fusing,  yielding  transparent  octahedral  crystals  on  warmed  surfaces. 
A  somewhat  characteristic  behaviour  of  arsenic  is  the  white  layer  it 
forms  when  thrown  in  a  state  of  powder  upon  the  surface  of  water, 
the  particles  of  arsenic  repelling  the  water  and  collecting  round  the 
air  bubbles. 

The  solubility  of  arsenic  in  water  is  a  question  of  considerable 
medico-legal  importance.  The  following  are  the  chief  circumstances 
that  serve  to  modify  the  solvent  action  of  water  on  the  acid : — 

1.  The  peculiar  modification  of  acid  used. 

2.  Its  admixture  or  contamination  with  organic  matter.  It  is  said 
that  the  presence  of  greasy  matter,  such  as  bacon,  reduces  the  solu- 
bility of  arsenious  acid  to  one-twentieth  its  usual  solubility.  If  this 
be  the  fact,  it  affords  a  partial  explanation  why  its  action  on  the 
human  body  should  seem  at  times  to  be  suspended. — (Dr.  Blondlot, 
^'Medical  Times  and  Gazette,"  Feb.  11,  I860.) 

3.  The  length  of  time  the  water  has  acted. 

4.  The  temperature  of  the  water  employed. 

5.  If  boiled,  the  length  of  time  the  boiling  has  been  continued. 

6.  The  time  that  has  elapsed  between  boiling  and  the  examination. 
We  state  a  few  results  illustrating  the  solubility  of  the  acid  under 

UifEerent  conditions,  in  a  tabular  form  :  — 


ARSENIOUS  ACID. 

Solubility  of  Arsenious  Acid. 
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Transparent 
form. 

Opaque 
form. 

Fresh 
crystalline 
acid. 

1000  grains  of  cold  distilled  water,  after 
st-anding  for  24  hours,  dissolved  . . 

1000  grains  of  boiling  water  poured  on 
the  acid,  and  allowed  to  stand  for  24 
hours,  dissolved   

1000  grains  of  water  boiled  for  one  hour, 
(the  quantity  being  rendered  uniform  by 
the  addition  of  boiling  water  from 
time  to  time)  and  filtered  immediately, 
dissolved  

1"74  grains. 
10-12  „ 

64-5  „ 

1*16  grains. 
5-4  „ 

76-5  „ 

2"0  grains. 
15-0  „ 

87-0  „ 

(/3.)  Thi/siological.— Arsenic  is  an  active  poison.  Ferric  hydrate 
(FeoHgOg)  is  an  antidote  frequently  administered,  which,  to  be  of 
use,  must  be  given  in  large  doses,  and  be  freshly  prepared  by  adding 
calcined  magnesia  to  a  solution  of  iron  chloride  or  sulphate  (FeoCl6  + 
SMgO  +  SH^O  =  Fe^HfiOfi  +  SMgCIe).  By  the  use  of  this  antidote,  the 
arsenious  acid  will  be  oxidized  to  arsenic  acid,  the  arsenic  acid  forming 
with  another  portion  of  the  Fe^HgOe  a  basic  ferric  arsenate,  which  is 
insoluble  either  in  water  or  in  dilute  acids. 

(y.)  Chemical  — A  solution  of  arsenious  acid  (i.  e.,  arsenious  an- 
hydride dissolved  in  water),  has  a  feebly  acid  reaction.  It  readily 
combines  with  bases,  the  salts  being  called  arsenites,  but  it  does  not 
neutralize  the  alkalies,  nor  does  it  decompose  alkaline  carbonates  unless 
heated  with  them.  The  arsenites  generally  are  easily  decomposed  by 
a  stronger  acid.  The  arsenites  of  the  alkalies  are  soluble  in  water 
and  very  poisonous.  The  other  arsenites  are  almost  insoluble ; 
hence  the  action  of  lime  and  magnesia  as  antidotes.  Most  of  the 
arsenites  are  decomposed  by  heat,  whilst  all,  when  heated  with  a 
reducing  agent,  evolve  the  metal  in  a  vaporous  form.  The  copper 
arsenite,  or  Scheele's  green,  and  the  silver  arsenite  are  the  two  most 
important  salts  of  arsenious  acid. 

Arsenious  acid  is  readily  soluble  in  solutions  of  the  fixed  caustic 
alkalies,  but  is  not  very  soluble  in  ammonia.  It  is  very  slightly 
soluble  in  sulphuric  acid.  It  is  freely  soluble  in  hot  nitric  acid,  the 
arsemous  being  changed  to  arsenic  acid.  It  is  also  soluble  in  hydro- 
chloric  and  in  some  vegetable  acids,  in  alcohol  (1  in  2000  of  alcohol 
ot  specific  gravity  0-802),  and  in  chloroform  (1  in  200,000),  but  is 
insoluble  in  absolute  ether.  When  chlorine  is  passed  through  a  so- 
lution of  arsenious  acid,  arsenic  acid  is  formed. 
(See  Arsenites,  p.  333.) 

Uses.~In  the  manufacture  of  glass.  The  solutions  of  the  arsenites 
ot  potash  and  soda  are  used  as  sheep  dipping  compositions.  An 
arsenical  soap  (camphor,  soap,  and  arsenite  of  potash)  is  used  as  a 
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preservative  for  the  skins  of  animals.  Arsenite  of  soda  is  used  as  a 
means  for  preventing  the  incrustation  of  boilers.  Arsenite  of  copper 
{ScheeWs  green)  is  used  as  a  pigment  for  paper-hangings,  feathers, 
muslins,  etc.  Arsenic  and  arsenite  of  potash  (Fowler's  solution)  are 
used  in  medicine. 

(4,  5.)  Arsenic  Anhydride  (AsoOs).— Arsenic  Acid,  HgAsO^  = 
Aso05,3H20. 

Preparation. — (1.)  (Anhydride.)  By  the  action  of  heat  on  solid 
arsenic  acid  (2H3ASO4  =  AsgOs  +  SHgO). 

(2.)  {Acid.) — (a.)  By  oxidizing  arsenious  anhydride  with  nitric 
acid  or  aqua  regia  (As„03  +  2HN03  +  2H20=N203  +  2H3As04). 

(/3.)  By  passing  chlorine  through  an  aqueous  solution  of  arsenious 
oxide. 

Properties.  —  Physical.  The  anhydride  is  a  white  deliquescent 
substance,  soluble  in  water  forming  H3ASO4.  When  heated  it  under- 
goes decomposition  (A205=As203  + Oj). 

The  acid  on  cooling  deposits  crystals  having  the  composition 
As205,3H20  +  aq.  At  212°  F.  (100°  C.)  these  crystals  melt,  and  lose 
their  water  of  crystallization,  becoming  As205,3H20=2H3As04  (ortho- 
arsenic  acid).  Heated  to  320°  F.  (160°  C.)  As265,2H20  (=H4Aso07, 
pyro-arsenic  acid)  is  formed.  At  392°  F.  (200°  C),  it  becomes 
AsaOsjUgO  (=HAs03  met-arsenic  acid),  and  at  500°  F.  (260°  C), 
arsenic  anhydride  only  (AsjOg)  is  left. 

Chemical. — The  anhydride  is  decomposed  by  gaseous  hydrochloric 
acid  (AS2O5  +  10HC1=2 ASCI3  +  2CI2  +  SHoO). 

Arsenic  Acid  is  tribasic  (H3ASO4).  It  forms  salts  called  arsenates^ 
which  closely  resemble,  and  are  isomorphous  with,  the  tribasic  phos- 
phates.   {See  Arsenates,  p.  331.) 

When  heated  with  strong  hydrochloric  acid,  arsenic  acid  forms  the 
volatile  ASCI3  (H3ASO4  4-  oHCr=  AsClg  +  CI2  +  ^^oO).  It  is  re- 
duced to  arsenious  acid  by  sulphurous  acid  (H3ASO4  +  HgSOg  = 

H3ASO3  +  H2SO4). 

Uses. — Arsenic  acid  is  used  in  the  preparation  of  magenta  by  its 
action  on  aniline.  Arsenate  of  soda  is  used  by  the  calico-printers  as  a 
dung  substitute. 

Compounds  of  Arsenic  and  Sulphur. 

6.  Arsenious  disulphide  (realgar)     ...  ...  AS2S2. 

7.  Arsenious  sulphide  (sulpharsenious   anhydride  ; 

orpiment)  ...        ...        •••        •••        ••  AS2S3. 

8.  Sulph -arsenious  acid        ...        ...        ...        •••  H3ASS3. 

9.  Arsenic  sulphide  (sulph-arsenic  anhydride)      ...  AsgSs- 
10.  Sulph-arsenic  acid    H3ASS4 

(6.)  Arsenious  Bisulphide ;  Realgar.   (AsgSg.)  This  sulphide  is 

found  native  in  ruby  red  crystals. 
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Prepai'ation. — (1.)  By  heating  sulphur  with  arsenious  anhydride 
(2Aso03  +  S7=2As2S2+3S02). 

(2.)  By  heating  ferric  sulphide  with  arsenical  pyrites  ((As2S2,2FeS) 
+  2FeS2=As2S2+6FeS). 

Properties. — A  red,  transparent,  fusible,  volatile,  and  crystalline 
solid  (Sp.  gr.  3-5),  burning  with  a  blue  flame,  SOo  and  AS2O3  forming 
the  products  of  combustion.  It  is  insoluble  in  water  and  in  hydi-o- 
chloric  acid.  It  is  soluble  in  nitric  acid  (forming  arsenic  and  sulphuric 
acids),  also  in  aqua  regia  and  in  potassic  disulphide.  It  is  decomposed 
by  the  fixed  alkalies,  leaving,  as  a  precipitate,  a  brown  arsenical 
subsulphide.    It  is  used  in  the  manufacture  of  fireworks. 

(7,  8.)  Arsenious  Sulphide  (AS2S3)  ;  Arsenious  sesquisulphide ; 
Ter-sulphide  of  Arsenic  ;  Sulph-arsenious  anhydride;  Orpiment ;  Sulpk- 
arsenious  acid  (H3ASS3). 

Natural  History. — Found  native  both  in  a  crystalline  and  massive 
form  as  orpiment. 

Preparation. — {Anhydride.)  (1.)  By  passing  sulphuretted  hydrogen 
through  a  solution  of  arsenious  acid  acidulated  with  hydrochloric 
acid  : — 

3H2S  +        2ASCI3        =    6HC1    +  AS2S3 

Sulphuretted  hydrogen  +    Arsenious  chloride    =     Hydro-    +  Arsenious  sulphide. 

cJiloric  acid. 

(2.)  By  subliming  a  mixture  of  sulphur  and  arsenious  anhydride  : — 

9S    +  2AS2O3  =  2AS2S3        +  SSOo 

Sulphur  +    Arsenious  anhydride      =      Arsenious  sulphide    +  Sulphurous 

anhydiide. 

Properties. — A  yellow,  crystalline,  fusible,  and  volatile  substance 
(specific  gravity,  3-5),  insoluble  in  water  and  in  dilute  acids.  It  is 
decomposed  by  nitric  acid  and  by  aqua  regia.  It  burns  in  air,  but 
may  be  sublimed  in  closed  vessels.  It  is  a  feeble  sulphur  acid.  It  is 
soluble  in  ammonic  carbonate  (in  which  the  corresponding  tin  and 
antimony  sulphides  are  insoluble),  and  also  in  the  alkalies,  an  alkaline 
arsenite  and  sulj^harsenite  being  formed  : — 

12KH0    +     2AS2S3     =  3K2S,As2S3  +  3K20,As203  +  6H2O. 
Potassic     +     Arsenious     =        Potassic       +        Potassic       +  "Water, 
hydrate  sesquisulphide       sulph-arsenite  arsenite. 

On  adding  an  acid  to  this  solution,  an  arsenious  sulphide  (AsgSs)  is 
reprecipitated.    (Confer  Sulpharsenites,  p.  334.) 

Uses. — It  is  used  as  a  pigment  (King's  yellow).  The  ammoniacal 
solution  is  used  for  dyeing,  the  colour  being  deposited  as  the  ammonia 
evaporates. 

(9,  10.)  Arsenic  Sulphide  (AsgSs) ;  Sulpharsenic  anhydride  ; 
Diarsenic  pentasulphide ;  Sulpharsenic  acid  (HgAsSj). 

Preparation. — (1.)  {Anhydride.)  By  fusing  a  mixture  of  sulphur 
and  orpiment. 
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(2.)  (a.)  By  passing  sulphuretted  hydrogen  through  a  solution  of 
sodic  arsenate,  a  solution  oi  sulph-arsenate  of  sodium  is  formed  :— 
Na3As04        +        4H2S       =    4H,0    +  Na-^AsS^. 

Sodic  +      Sulphuretted      =      Water     +  Sodic 

^^'«°^te  hydrogen  sulpharsenate. 

(/3.)  When  hydrochloric  acid  is  added  to  this  solution,  arsenic  suljMde 
is  precipitated  : — 

2Na3AsS,      +       6HC1      =  6NaCl  +      SH^S      +  As^S^. 
Sodic  +    Hydrochloric    -    Sodic    +    Sulphuretted    +  Arsenic 

sulpharsenate  acid  chloride  hydrogen  sulphide. 

Pro2ierties.—A  yellow,  volatile,  fusible  substance,  solidifying  after 
fusion  to  an  orange-colored  glass.  Sulpharsenic  acid  (H3ASS4)  is  one 
of  the  most  powerful  of  the  sulphur  acids.  It  forms  salts  analogous  to 
the  phosphates,  called  sulph-arsenates  (M'AsSj,  meta-sulphar senate ; 
M^AsoS^,  p7jro-sulpharsenate  ;  M3As'S4,  ortho- sulpharsenate). 

[Confer  Siilph-arsenates.] 

(8.)  Arsenious  Chloride  ;  TercJdoride  of  arsenic  (AsCl,).  Atomic 
Weight,  181-5.    Molectdar  volume,  j    j  |. 

Constitution. — Half  a  volume  of  arsenic  vapor +  3  volumes  of  CI  =  2 
volumes  of  AsClg. 

Preparation.— (1.)  By  burning  the  metal  in  chlorine. 

(2.)  By  passing  dry  chlorine  over  heated  arsenious  anhydride. 

(3.)  By  distilling  together  (a)  arsenious  anhydride  and  mercuric 
chloride  ;  or  arsenious  anhydride,  sodic  chloride,  and  sulphuric 
acid  ;  or  (y)  arsenious  anhydride  and  hydrochloric  acid : — 

(a.)  AsjOs  +  GHgClg  =  3Hg„Cl2  +  2AsCl3. 

AsgOs+eNaCl  +  eHgSO*  =  6NaHS04-|-3H20  +  2AsCl3. 

(y.)  AS2O3-I-6HCI  =  3H2O  +  2ASCI3. 

Projyerties.—A  heavy  (specific  gravity  2-2),  pungent,  oily,  volatile,, 
and  fuming  liquid,  boiling  at  269-6°  F.  (132°  C),  and  remaining  fluid 
at  — 20-2°  F.  ( — 29°  C).  It  is  decomposed  when  treated  with  a  large 
quantity  of  water  (2ASCI3  +  3H2O  =  AsgOj  +  6HC1),  but  if  a  little 
water  only  be  added  to  it,  crystals  of  the  oxychloride  are  formed 
(As CIO).  It  absorbs  ammonia,  forming  a  crystalline  compound  (AsCl-, 
2NH3). 

(12,  13.)  Arsenious  Bromide  (AsBrg)  and  Arsenious  Iodide 

(Aslg)  are  prepared  by  adding  AS2O3  to  a  solution  of  bromine  or  of 
iodine  in  bisulphide  of  carbon.  They  are  both  solid  bodies.  The 
bromide  is  colorless,  and  the  iodide  of  an  orange  color.  AsBrg  fuses 
at  about  77°  F,  (25°  C).  AsBr3  is  decomposed  on  the  addition  of 
water,  in  which  respect  it  differs  from  ASI3. 

(14,  15.)  Arsenious  Fluoride  (AsFg)  is  prepared  by  distilling 
arsenious  anhydride  with  fluor  spar  and  sulphuric  acid.  A  colorless 
liquid.  Specific  gravity  2-7.  Boils  at  145-4:°  F.  (63°  C).  Decomposed 
by  water. 
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Arsenic  pentajhioride,  AsFj,  is  only  known  in  combination,  as  in  the 
compound  (AsFs.KF). 

Eeactions  of  Arsenic  Compounds. 
(For  details  see  Manual  of  Toxicology.) 

1.  Reactions  of  Co7n]Jounds  of  Arsenic. 

(1.)  Sulphuretted  hydrogen  .-—A  yellow  precipitate  (in  HCl  solution) 
of  AsgS,,  soluble  both  in  ammonium  sulphide  and  in  ammonium  car- 
bonate (see  Antimony) ;  soluble  also  in  the  caustic  alkalies,  etc. 

(2.)  Solutions  acidulated  with  HCl  and  warmed  with  copper  foil, 
yield  a  grey  deposit  of  metallic  arsenic  on  the  copper  (Reinsch's  test). 

(3.)  This  deposit  (2),  on  being  heated  in  the  presence  of  air,  gives 
a  white  sublimate  of  As^O^. 

(4.)  In  the  presence  of  nascent  hydrogen,  arsenious  compounds 
yield  AsHg  {q.  v.)  (Marsh's  test).  If  this  gas  be  heated  during  its 
passage  through  a  glass  tube,  the  metal  is  condensed,  as  a  brilliant 
mirror-like  deposit,  just  beyond  the  heated  portion.  This  film  is  soluble 
in  a  solution  of  sodium  hypochlorite  (see  Antimony). 

(5.)  Heated  on  charcoal  with  Nai2C03,  arsenic  compounds  evolve  a 
garlic  odor. 

(6.)  Compounds  of  arsenic  yield  a  black  sublimate  of  the  metal 
when  heated  in  a  tube  with  a  mixture  of  potassium  cyanide  and  sodium 
carbonate. 

2.  Reactions  of  Arsenates  in  Solution  (alkaline  arsenates  only 

being  soluble). 

(1.)  Silver  nitrate  in  neutral  solutions  :  —  A  brown  precipitate 
(^§3^504),  soluble  in  excess  both  of  nitric  acid  and  of  ammonia. 

(2.)  Ammonium  mobjbdate  : — A  yellow  precipitate  on  boiling. 

(3.)  A  mixture  of  magnesium  sulphate,  ammonium  chloride,  and  am- 
monia— A  white  precipitate  of  ammonium  maguesic  arsenate  (Ms 
NH4,As04,6H20). 

(4.)  Sulphuretted  hydrogen,  in  acid  solutions,  slowly  reduces  arsenic 
to  arsenious  acid,  and  then  throws  down  AsgSg  (see  above).  [This 
action  is  assisted  by  heat.] 

3.  Reactions  of  Arsenites  in  Solution. 

(1.)  Sidphuretted  hydrogen.— A.  yellow  precipitate  of  AsgS,,  in  an 
acid  (HCl)  solution. 

(2.)  Silver  nitrate  .—A  yellow  precipitate  (AggAsOg),  soluble  in 
excess  both  of  nitric  acid  and  of  ammonia. 

VANADIUM  (V). 

Atomic  weight,  51-3.    Molecular  weight,  205-2  (?)    Specific  gravity,  5-5. 

Atomicity,  pentad  and  triad. 

History— Discovered  by  Del  Rio  (1801).  Re-discovered  by 
Sef Strom  (1830).    First  isolated  by  Roscoe. 
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Natural  History.— Occurs  in  certain  lead  (vanadinite)  and  iron 
ores  ;  also  in  mottramite,  a  double  vanadate  of  lead  and  copper  ;  and 
in  volborthite  and  puclierite  (copper  and  bismuth  vanadates).  Found 
in  the  Bessemer  slag  of  the  Creusot  iron  works. 

Preparation.— heating  vanadous  chloride  (VCl,)  in  a  current 
of  dry  hydrogen,  air  and  moisture  being  excluded. 

Properties.— A  silvery  metal,  oxidizing  slowly  in  air,  and  not  de- 
composing water  at  ordinary  temperatures.  Specific  gravity,  5-5. 
Infusible  at  a  red  heat.  Can  be  heated  to  redness  in  vacuo  without 
melting.  Burns  in  air  or  oxygen,  forming  Y^O^.  At  a  red  heat,  the 
metal ^  combines  with  nitrogen.  It  is  soluble  in  dilute  nitric  acid 
(forming  a  blue  solution),  and  in  strong  sulphuric  acid.  Insoluble  in 
hydrochloric  acid.  The  metal  forms  a  vanadate  when  fused  with  the 
caustic  alkalies,  hydrogen  being  evolved. 

Compounds  op  Vanadium. 


(1.)  Hypovanadous  oxide 

...  V2O2 

(2.)  Vanadous  oxide 

...  V2O, 

(3.)  Hypovanadic  oxide  ... 

...  V2O4 

(4.)  Vanadic  oxide  (anhydride)... 

... 

(5.)  Meta vanadic  acid  ... 

...  HVO3 

(6.)  Vanadic  acid   

...  H,V04 

(7.)  Pyrovanadic  acid  ... 

...  H.VsOy 

(8.)  Hypovanadous  chloride 

...  VCI2 

(9.)  Vanadous  chloride  

...  VCl, 

(10.)  Vanadic  chloride   

...  VC14 

(4.)  Vanadic  Anhydride  (V2O5)  forms  with  water  the  tribasic  acid 
(H3VO4).  The  anhydride  is  a  reddish  powder,  soluble  both  in  acids 
and  in  alkalies,  and  slightly  soluble  in  water.  It  may  be  prepared  by 
heating  ammonium  vanadate. 

Vanadic  acid  forms  salts,  called  vanadates,  isomorphous  with  phos- 
phates (see  page  332).  The  acids  of  these  salts,  however,  have  not 
been  prepared  in  a  free  state. 

Ammonium  vanadate  is  obtained  by  fusing  the  ore  with  potassic 
nitrate,  extracting  the  potassic  vanadate  with  water,  and  precipitating 
the  vanadium  in  the  clear  filtrate  as  barium  vanadate  with  BaCIg.  The 
barium  salt  is  then  boiled  with  dilute  sulpburic  acid,  the  BaSO^  filtered 
off,  the  acid  solution  neutralized  with  ammonia,  and  lumps  of  soHd 
ammonic  chloride  added.  The  ammonium  vanadate  being  insoluble 
in  a  concentrated  solution  of  NH4CI,  will  be  precipitated  in  the  form 
of  small  crystals. 

NIOBIUM  (Nb  =  94).   TANTALUM  (Ta  =  l82). 

Atomicity,  triad  and  pentad. 
Natural  History. — Very  rare  metals.     They  occur  together  as 
tantalates  and  niobates  in  the  minerals  tantalite,  columbite,  etc. 


GOLD. 
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Roscoe  obtained  pure  uiobiiim,  having  a  Sp.  gr.  of  4-06,  by  reducing 
the  chloride  in  hydrogen.    Pure  tantakim  has  not  been  prepared. 
These  metals  form  chlorides,  oxides,  etc.  : — 
Chlorides,  etc.,  NbCls  ;  NbOClg  ;  NhFj. 
Oxides  NbgOo  ;  Nbo04  ;  NboOs  {anhydride). 

Tantalum  forms  similar  compounds  to  those  of  niobium,  except  that 
corresponding  to  the  oxide  NboOs- 

Tantalates  (salts  of  the  hydrate  of  TagOs),  give  a  yellow  precipi- 
tate with  potassium  ferrocyanide,  and  impart  no  color  to  a  borax 
bead. 

Niobates  (salts  of  the  hydrate  of  NbaOs),  give  a  brown  precipitate 
with  potassium  ferrocyanide,  and  render  a  borax  bead  of  a  brown 
color. 


GOLD  (Aurum)  (Au). 

Atomic  tveight,  196-7.  Molecxdar  weight  {probable),  393-4.  Specific 
gravity,  19-4.  Fuses  at  from  2012°  F.  to  2192°  F.  (1100°  C.  to 
1200°  C).  Specific  heat  0-0324.  Atomicity,  monad  {')  in  avrous 
compounds  (AuCl  ;  Au^O),   and  triad  {"')  in  auric  compounds 

(AuClg;  AU2O3). 

History. — Known  to  the  ancients  (©  Sol). 

Natural  History.— Gold  is  always  found  in  the  metallic  state. 
It  occurs  as  cubes  and  octahedra  (gold  dust)  in  the  alluvial  sand  of 
certain  rivers,  and  also  in  masses  (nuggets)  or  disseminated  in  quartz 
veins  in  certain  volcanic  rocks.  It  is,  moreover,  always  found  alloyed 
with  silver  (the  alloy  being  called  electrum  if  the  silver  exceeds  36  per 
cent.),  frequently  with  copper,  and  sometimes  with  osmium,  iridium, 
antimony  and  tellurium. 

Extraction.— (1.)  Process  of  washing.  This  consists  in  treating  the 
well-powdered  ore  with  water,  whereby  the  sand  is  mechanically 
washed  away  from  the  gold,  owing  to  the  different  specific  gravity 
of  the  sand  and  the  metal. 

(2.)  Process  of  amalgamation.  This  consists  in  dissolving  out  the 
gold  in  mercury  from  the  debris  with  which  it  is  associated,  the 
quicksilver  being  afterwards  separated  from  the  gold  by  the  distillation 
of  the  amalgam  formed. 

(3.)  Sometimes  the  gold  ore  is  fused  with  a  mixture  of  metallic  lead, 
hme,  and  oxide  of  iron.  The  lead  in  a  state  of  fusion  dissolves  the 
gold,  the  liquid  alloy  sinking  to  the  bottom  of  the  slag.  The  gold  is 
afterwards  separated  from  the  lead  by  cupellation  {see  Lead). 

Preparation  of  pure  ^oZrf.— Dissolve  the  gold  in  aqua  regia  (one 
part  of  HNO,  and  four  parts  of  HCI),  and  add  to  the  solution  ferrous 
sulphate  or  other  reducing  agent.  The  ferrous  sulphate  will  become 
oxidised  to  ferric  sulphate,  whilst  the  gold  will  be  precipitated.  The 
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precipitate  will  appear  brown  by  reflected,  and  purple  by  transmitted 
ligbt  (6FeS04  +  2AuCl3  =  2(Fe23S04)  +  Fe2Cl6  + Aug). 

On  boiling  tbis  precipitate  witb  bydrocbloric  acid,  certain  impurities, 
such  as  iron,  will  be  removed.  Tbe  pure  precipitated  metal  is  tben 
fused  under  a  mixture  of  borax  and  nitre. 

Properties. — («•)  Physical.  A  soft,  heavy,  yellow  metal,  possess- 
ing great  lustre  (Sp.  gr.  19'4).  It  is  tbe  most  ductile  and  malleable 
metal  known,  and  also  one  of  tbe  most  perfect  conductors  of  beat 
and  electricity.  It  fuses  at  2258*6°  F.  (1237°  C),  shrinking  greatly  in 
bulk  as  it  solidifies.  It  is  volatile  at  tbe  heat  of  the  oxy-hydrogen  jet, 
giving  ofE  a  purple  vapor.  A  very  fine  leaf  of  gold  is  transparent  to 
the  green  rays  of  light. 

(/3.)  Chemical.  Gold  is  unaffected  at  any  temperature  either  by  air 
or  moisture.  Sulphuretted  hydrogen  is  without  action  upon  it.  It  is 
soluble  in  chlorine  or  bromine  water,  in  aqua  regia,  or  in  any  mixture 
which,  like  aqua  regia,  liberates  chlorine  (forming  AuCls)  ;  but  it  is 
insoluble  either  in  any  simple  acid  (except  selenic  acid)  or  in  solu- 
tions of  the  alkalies.  It  combines  readily  with  phosphorus  by  heat, 
and  with  the  haloid  elements  in  the  cold.  Most  metals,  and  reducing 
agents  generally,  precipitate  it  from  its  solutions. 

Uses. — For  coinage,  mixed  witb  8-33  per  cent,  of  copper  to  increase 
hardness.  For  jewelleri/ ;  pure  gold  being  regarded  as  of  24  carats, 
and  English  standard  gold  as  of  22  carats  (that  is,  22  parts  of  gold  in 
every  24).  An  18  carat  gold  contains  if  or  |  its  weight  of  gold. 
Gold  is  also  used  for  electro-gilding,  a  solution  of  the  double  cyanide 
of  gold  and  potassium  (AuCy3,KCy)  being  employed  for  this  purpose. 
It  is  also  used  for  coloring  glass  ruby  red  ;  for  gold  leaf,  wire,  etc. 


Compounds  of  Gold  (Au=l96-7) 


Formula 
(General.) 

Molecular 
"Weight. 

COMPOUNDS. 

1 

2 

3 
4 
5 

g  I  Aurous  oxide  (suboxide)  , 

.'2  \  Auric     ,,     (peroxide,  or  auric  an- 
S  (  hydride)  

O^t  Auric       „   _    ..  .. 

(Iodides  con-espond  to  chlorides.) 

AujO 

AnjOj 
AuB.Ua 
AiiCl 
AuClj 

409-4 

441-4 

232-2 
303-2 

6 

1    OJ  ) 

AujSj 

489-4 

Compounds  of  Gold  and  Oxygen. 
Aurous  oxide  ...       ...        ...       ...       ...  AuoO. 

Auric  oxide     ...       ...       ...       ...       ...  AujOj. 
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(1.)  AuroilS  Oxide;  Stiboxkle  of  gold  {AwoO). 

Preparation. — Precipitated  on  adding  a  dilute  solution  of  potassic 
hydrate  to  one  of  aurous  chloride. 

Fi-operties. — A  dark  powder,  soluble  in  an  excess  of  alkali.  A 
temperature  of  302°  F.  (150°  C.)  decomposes  it  into  auric  oxide  and  the 
metal.  With  hydrochloric  acid,  the  metal  and  auric  chloride  are  formed 
(SAugO  +  HC1=  2AuCl3  +  3H„0  +  4Au). 

(2.)  Auric  Oxide;  Peroxide  or  Sesquioxide  of  gold;  Axiric  anTxydride 
(Au203  =  441-2). 

Preparation. — A  solution  of  auric  chloride  is  decomposed  by  mag- 
nesia, a  magnesic  aurate  (MgCAueOg)  being  precipitated.  If  this 
magnesic  aurate  be  digested  with  nitric  acid,  an  insoluble  auric  oxide 
remains,  either  as  a  yellow  hydrate  (AuoOsjSHoO),  or  as  a  brown  pre- 
cipitate (AujOj),  the  exact  compound  formed  being  dependent  on  the 
strength  of  the  nitric  acid  employed. 

Properties. — Auric  oxide  is  resolved  into  the  metal  and  oxygen  slowly 
by  exposure  to  light,  but  instantly  by  a  heat  of  473°  F.  (245°  C). 
With  the  alkalies,  the  hydrated  oxide  forms  soluble  salts,  called  the 
aurates,  as  e.g.,  potassium  aurate  (KAu02,3H20),  a  compound  used  by 
electro-gilders.  With  the  earths,  and  with  other  metallic  oxides, 
auric  oxide  forms  insoluble  compounds.  With  ammonia  it  forms  a 
"  fulminating  gold  "  (Au203,4NH3,H20  ?). 

Strong  nitric  and  sulphuric  acids  dissolve  it,  the  oxide  being 
deposited  on  dilution.  With  HCl,  HI,  and  HBr,  it  forms  AuCla,  Aulg, 
and  AuBrj. 

Compounds  of  Gold  and  Chlorine. 
Aurous  chloride        ...        ...        ...  AuCl. 

Auric  chloride    AuClg. 

(4.)  Aureus  Chloride;  Protochloride  of  gold  (AuCl  =  232-2). 

Preparation.  — By  heating  auric  chloride  to  347°  F.  (175°  C),  until 
chlorine  ceases  to  be  evolved. 

Properties.— An  insoluble  yellow  substance,  decomposed  at  390°  F. 
(200°  C).  By  the  action  of  boiling  water,  or  by  exposure  to  light, 
it  is  converted  into  the  metal  and  AUCI3. 

Aurous  Iodide  (Aul). 

Preparation.— (1.)  By  the  action  of  hydriodic  acid  on  auric  oxide 
(AU2O3  +  6HI  =  2  Aul  +  3H2O  +  2I2). 

(2.)  By  the  action  of  potassic  iodide  on  auric  chloride  (AuCK  -f  3KI 
=  Aul  +  3KC1  +  I2). 

Properties. — An  unstable  yellow  powder. 

(5.)  Auric  Chloride  ;  Terchhride  of  gold  (AuCls  =  303-2). 
Preparation.— (\)  By  dissolving  gold  in  aqua  regia,  and  evaporating 
the  solution  at  248°  F.  (120°  C). 

(2.)  By  heating  gold-leaf  in  a  current  of  chlorine. 
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Properties. — A  red,  deliquescent,  crystalline  mass.  When  crystal- 
lised from  its  solution  it  has  the  formula  AuClj,2H20.  Heated  to 
390°  F.  (199°  C),  it  becomes  AuCl  ;  but  when  a  higher  temperature 
is  applied  the  compound  is  decomposed.  It  sublimes  unchanged  in 
nn  atmosphere  of  chlorine  at  a  temperature  of  572°  F.  (300°  C). 
It  is  soluble  in  water,  in  alcohol,  and  in  ether,  ether  being  also 
•capable  of  removing  it  from  its  aqueous  solution.  Its  solution  in  water 
stains  the  skin  and  other  organic  matter  of  a  purple  color,  finely 
divided  gold  being  deposited.  The  extreme  ease  with  which  the  gold 
of  the  salt  may  be  reduced,  renders  it  useful  in  photography. 

It  forms  crystallizable  compounds  with  the  alkaline  chlorides  (such 
as  AuCl3,KCl,2H20)  called  Chlor-aurates,  and  with  the  chlorides  of 
most  organic  bases.    With  ammonia,  it  forms  a  "  fidminating  gold.'" 

Purple  of  Cassius. — When  a  dilute  mixed  solution  of  stannous  and 
iStannic  chloride  is  added,  drop  by  drop,  to  a  very  dilute  neutral 
solution  of  auric  chloride,  a  purple  precipitate  is  thrown  down,  the 
precipitation  of  which  is  assisted  by  the  presence  of  a  soluble  salt 
and  by  the  application  of  heat.  This  precipitate  is  called  "  the  jntrjyle 
of  Cassius"  (Sn"Au2Sn206,4H20(?),  i.e.,  a  double  stannate  of  gold 
and  tin).  This  compound  may  also  be  prepared  by  digesting  metallic 
tin  in  a  neutral  solution  of  auric  chloride.  It  is  soluble  in  ammonia, 
the  solution  being  decomposed  and  rendered  colorless  by  light,  metallic 
gold  being  precipitated.  The  precipitate,  mixed  with  a  little  borax, 
is  employed  for  coloring  china  and  porcelain  a  rich  rose  red  tint. 
The  color  is  a  mixture  of  metallic  gold  with  stannic  oxide. 

Compound  of  Gold  and  Sulphur. 
Auric  sulphide  ..        ...        ...        ...  AU2S3. 

(6.)  Auric  Sulphide  (AU2S3). 

Prei'iaration. — By  passing  sulphuretted  hydrogen  through  a  cold 
dilute  solution  of  auric  chloride.  [By  passing  sulphuretted  hydrogen 
through  a  boiling  solution  of  auric  chloride,  metallic  gold  is  precipi- 
tated.   It  was  formerly  considered  to  be  an  aurous  sulphide  (AuoS).] 

Properties. — A  dark-brown  substance,  soluble  in  the  alkaline  sulphides. 

A  soluble  double  sulphide  of  gold  and  potassium  may  be  prepared  by 
heating  together  gold,  sulphur,  and  potassic  carbonate.  This  com- 
pound resists  a  red  heat,  and  is  used  for  gilding  china  {Burgos  lustre). 

Oxt-Salts. 

Simple  oxysalts  of  gold  are  not  known,  but  certain  double  salts 
{e.g.,  the  double  thiosulphate  of  gold  and  sodium)  are  known. 
IDouble  sulphites,  etc.,  have  also  been  prepared. 

Reactions  of  the  Compounds  of  Gold. 
Non-luminous  flame  ;  No  color. 

1.  Heated  in  the  open  air,  all  gold  salts  are  reduced. 
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2.  Ferrous  sulphate  gives  in  au  acid  solution  (free  nitric  acid  being 
absent)  a  brown  ppt.  of  metallic  gold. 

3.  A  mixture  of  dilute  stannous  and  stannic  chloride  (or  metallic  tin), 
gives  in  a  neutral  solution  a  ppt.  of  "  purple  of  Cassius." 

4.  Mercurous  nitrate  also  gives  a  dark  brown  ppt.  of  reduced  gold. 
0.  Sidphuretted  hydrogen ;  a  black  ppt.  (AU0S3). 

Estimation. — Gold  is  estimated  as  the  metal,  precipitated  by  ferrous 
sulphate. 

PLATINUM  (Pt). 

Atomic  weight,  197'4  (?  194-4).  Specific  gravity,  21-5.  Specific  heat, 
0-0311.  Melts  at  about  3632°  F.  (2000°  C).  Atomicity;  a  dyad 
in  platinous  salts  (e.g.,  Pt"Cl2),  and  a  tetrad  in  platinic  salts  {e.g.y 
Pt  CI4). 

History. — Discovered  by  Wood,  of  Jamaica,  1741. 

Natural  History.  —  It  occurs  native,  in  small  grains,  in  the 
debris  of  the  older  volcanic  rocks,  alloyed  with  palladium,  rhodium, 
iridium,  osmium  and  ruthenium  ;  and  sometimes  also  in  larger  nodules, 
alloyed  with  gold,  silver,  copper,  iron,  and  lead.  It  also  occurs  in 
certain  river  saads.    It  is  chiefly  found  in  Russia. 

Extraction. — (l-)  The  ore  is  first  dissolved  in  dilute  aqua  regia  to 
separate  the  gold,  and  afterwards  boiled  in  concentrated  aqua  regia, 
whereby  a  solution  of  platinic  chloride  (PtClJ  is  formed.  Ammonic 
chloride  is  now  added  to  the  clear  filtrate,  by  which  means  the  platinum 
is  precipitated  as  a  double  chloride  of  platinum  and  ammonium 
(2NH4Cl,PtCl4),  together  with  any  iridium  present.  This  precipitate 
is  now  heated,  when  the  ammonia  and  the  chlorine  are  expelled,  and  the 
metal  left  in  a  spongy  condition.  This  spongy  mass,  after  beiug 
powdered,  is  forcibly  compressed  into  a  solid  block,  which  is  then  in- 
tensely heated  and  hammered  whilst  hot,  in  order  to  weld  the 
metallic  particles  together  into  a  solid  lump  (process  of  Wollaston). 

Deville  and  Debray  have  suggested  fusing  the  metal  in  a  lime 
crucible  by  the  oxy-hydrogen  blowpipe,  instead  of  uniting  the 
metallic  particles  by  welding.  All  impurities,  except  rhodium  and 
iridium  are  by  this  process  removed,  gold  and  palladium  being  vola- 
tilized in  the  metallic  state.  The  sulphur,  phosphorus,  arsenic  and 
osmium  are  volatilised  as  oxides,  whilst  the  iron  and  copper  are  first 
oxidised  and  afterwards  absorbed  by  the  lime  crucible. 

(2.)  Another  process  suggested  by  Deville  and  Debray  is  as  follows  : 
— When  platinum  ore  is  roasted  with  lead  sulphide  and  oxide,'  the 
reduced  lead  dissolves  the  platinum  (together  with  some  iridium  and 
rhodium),  an  easily  fusible  alloy  of  lead  and  platinum  being  formed, 
at  the  same  time  that  an  alloy  of  iridium  and  osmium  (osmide  of 
iridium),  insoluble  in  the  melted  lead,  sinks  to  the  bottom  of  the 
platiniferous  lead.    The  platinum  alloy  is  then  ladled  away  from  the 
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insoluble  residue,  the  separation  of  the  lead  from  the  platinum  being 
effected  by  cupellation.  The  crude  platinum  is  afterwards  refined  by 
fusion,  the  oxy-hydrogen  blowpipe  being  employed  for  that  purpose. 
It  still,  however,  retains  some  iridium  and  rhodium.  These  metals 
are  said  to  improve  rather  than  to  injure  the  platinum  for  the  purposes 
of  chemical  apparatus. 

Preparation  of  pure  platinum. — Dissolve  the  platinum  in  aqua  regia 
and  evaporate  off  the  excess  of  acid.  Precipitate  the  platinum  and 
iridium  hydrates  from  the  solution  with  caustic  soda.  Add  to  the 
precipitate  formed  a  little  alcohol,  and  boil.  The  platinic  hydrate 
undergoes  no  change,  but  the  IrH^O^  becomes  It^S-qO^.  Add  an 
excess  of  hydrochloric  acid  to  this  mixed  solution,  and  afterwards 
ammonic  chloride.  The  IroClg  remains  in  solution,  whilst  the 
platinum  is  precipitated  as  ammonium  platinic  chloride.  Collect  this 
insoluble  precipitate  and  ignite. 

In  preparing  "  platinum  black,"  platinous  chloride  (PtCla)  is  to  be 
dissolved  in  a  solution  of  potassic  hydrate,  and  afterwards  heated 
with  alcohol.  The  precipitated  platinum  black  is  then  collected, 
washed  and  dried. 

Properties. — («•)  Physical.  A  white  hard  metal,  of  great  tenacity. 
Its  hardness  is  increased  by  the  presence  of  iridium.  It  cannot  be 
crystallised  artificially,  although  native  octahedra  have  been  met  with. 
Its  specific  gravity  varies  from  21  to  22,  according  to  the  process  by 
which  it  is  prepared.  It  expands  very  slightly  by  heat ;  hence 
platinum  wires  may  be  sealed  into  glass.  It  may  be  fused  at  3632°  F. 
(2000°  C.)  by  the  oxy-hydrogen  blowpipe,  or  by  the  galvanic  battery. 
It  may  be  sublimed  at  a  red  heat  in  a  current  of  chlorine,  this  action 
being  dependent  on  the  formation  and  decomposition  of  the  chloride. 
The  conducting  power  of  the  metal  for  heat  and  electricity  is  inferior 
to  that  of  either  silver  or  gold.    It  may  be  welded. 

(jS.)  Chemical.  Platinum  does  not  oxidise  in  the  air,  dry  or  moist, 
at  any  temperature,  but  like  silver,  it  absorbs  oxygen  mechanically 
when  heated,  evolving  it  again  on  cooling  ("  Spitting,"  see  Silver). 
Hydrogen  passes  through,  or  perhaps  is  dissolved  by  the  red  hot 
metal.  Other  gases,  such  as  oxygen,  nitrogen,  etc.,  do  not  possess 
this  property.  It  is  unacted  upon  by  any  single  acid,  but  is  soluble 
in  nitro-hydrochloric  acid  and  in  chlorine  water.  It  corrodes  when 
heated  with  the  caustic  alkalies,  with  the  alkaline  earths,  Avith  nitre, 
or  with  the  fused  alkaline  cyanides.  At  high  temperatures  it  is  easily 
attacked  by  carbon,  arsenic,  phosphorus,  boron,  silicon,  etc.  It  pos- 
sesses in  all  forms,  but  more  especially  in  the  spongy  condition 
(platinum  black),  the  remarkable  power  of  inducing  chemical  combi- 
nations between  oxygen  and  other  gases,  a  property  dependent  on  the 
power  of  the  metal  under  certain  physical  conditions  for  condensing 
gases  on  its  surface  (see  page  10). 
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Uses. — It  is  largely  employed  in  the  laboratory,  on  account  of  its 
infusibility,  and  its  power  of  resisting  chemical  reagents  (e.g.,  oil  of 
vitriol  stills,  etc.).  It  is  strongly  electro-negative ;  hence  its  value  in 
"  Grove's  battery,"  where  it  is  combined  with  zinc  for  the  purpose  of 
generating  electricity. 


Compounds  of  Platinum  (Pt  =  197-4). 


COMPOUNDS. 

r  ormulse 
(General.) 

Molecular 
Weight. 

Specific 
Gravity. 

Pt 
per  cent. 

1 

PtO 

213-4 

2 

1      , ,  hydrate 

PtH^Oj 

3 

M 

PiOj 

229-4 

4 

<=> 

,,  hydrate 

PtH404 

5 

Platinous  chloride 

PtCl, 

268-4 

6 

CD 

Platinie       , , 

PtCl, 

339-4 

58-12 

7 

a> 
.'2 

1    potassium  platioic-chlo- 

'n  ^ 

o 

2KCI,PtCl. 

488-3 

3-586 

40-36 

8 

1     Sodium  platinic-chloride 

2NaCl,PtCl4 

9 

o  1 

Ammonium  platinic-chlo- 

2NH4Cl,PtCl4 

446-4 

3-009 

44-18 

10 

[Bromides  and  iodides  ana- 
logous to  the  chlorides] 

11 

Platinous  sulphide    . . 

PtS 

229-4 

12 

Platinie 

PtSj 

261-4 

13 

,,       sulphate    . , 

Pt(SOJ, 

14 

, ,  nitrate 

Pt(N03)4 

15 

Platinous  sulphite 

PtSOg 

Compounds  op  Platinum  and  Oxygen. 
1.  Platinous  oxide  ...        ...        ...        ...  PtO. 

3.  Platinie  oxide     ...        ...        ...        ...  PtOg. 

(1  and  2.)  Platinous  Oxide. — Monoxide  or  j^rotoxide  (PtO=213-4). 

Preparation. — By  decomposing  platinous  chloride  with  a  solution  of 
potassic  hydrate,  and  afterwards  neutralising  with  sulphuric  acid.  The 
precipitated  hydrate  (PtHgOg)  is  to  be  collected  and  gentli/  heated, 
when  PtO  is  formed. 

Properties. — A  black  substance,  easily  decomposed  by  heat.  It  acts 
as  a  feeble  base,  being  soluble  in  acids  as  well  as  in  excess  of  an 
alkali. 

(3  and  4.)  Platinie  0:n6Le.—Sinoxide  of  platinum  (Pt02=229-4). 

Preparation. — On  adding  sodium  carbonate  to  a  solution  of  platinie 
nitrate,  the  hydrate  Pt02,2H20  (=PtH<i04)  is  precipitated.  [Only  one- 
half  of  the  total  quantity  of  sodium  carbonate  necessary  for  complete 
precipitation  should  be  added,  because  of  the  tendency  of  PtOg  to 
combine  with  alkaline  bases.]  The  platinie  hydrate  dried  at  212°  F. 
(100°  C.)  leaves  PtOg. 

Properties.— The  hydrate  is  brown,  and  the  anhydrous  oxide  black. 
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All  the  oxygen  may  be  expelled  from  platinic  oxide  by  heat.  It  acts 
both  as  a  weak  base  aud  as  a  weak  acid  {platinic  acid),  the  salts 
(platinates)  being  of  a  yellowish-red  color  (e.g.,  platinate  of  soda,  NajO^ 
3Pt02,6H20). 

Compounds  op  Platinum  and  Chlorine. 

5.  Platinous  chloride         ...        ...        ...  PtCU. 

6.  Platinic  chloride  ...        ...        ...  PtCl^. 

(5.)  Platinous  Chloride. — Protochloride  of  platinum  {FtC\2=26S- 4:), 
Preparation. — By  evaporating  a  solution  of  platinum  in  aqua  regia 
to  dryness,  and  heating  the  residue  at  455°  F.  (235°  C.)  until  chlorine 
ceases  to  be  evolved. 

Properties. — An  olive-green  powder,  soluble  in  a  potash  solution, 
in  hot  hydrochloric  acid  (the  solution  being  red),  and  in  a  solution  of 
platinic  chloride  (the  solution  being  brown).  It  is  insoluble  in  water^ 
in  nitric  or  in  sulphuric  acids.  Heat  decomposes  it.  It  combines 
directly  with  unsaturated  hydrocarbons  like  ethylene  (CgH^). 

ChlorO-platiniteS. — With  the  alkaline  chlorides,  platinous  chlo- 
ride forms  double  salts  called  chloro-platinites,  or  jjlatinoso-chlorides. 

(6.)  Platinic  Chloride. — Tetraddoride,  j)ercliloride  or  bichloride  of 
platinum  (PtCl4=339-4). 

Preparation. — By  dissolving  platinum  in  aqua  regia,  and  evaporating 
the  solution  so  formed  to  dryness. 

Properties. — A  brownish-red,  crystalline,  deliquescent  salt  (PtC^, 
5HoO),  soluble  in  alcohol,  in  ether  and  in  water,  the  aqueous  solution 
presenting  a  deep  orange  color.  Heated  to  455°  F.  (235°  C.)  it  becomes 
PtClo,  but  when  a  temperature  above  this  is  employed,  the  platinous 
chloride  is  decomposed,  and  the  metal  set  free.  Sulphurous  acid 
reduces  PtCli  to  PtClo. 

When  platinic  chloride  is  crystallized  from  an  hydrochloric  aicid 
solution,  a  compound  having  the  formula  PtCl4,2HCl,6H20  separates. 

Chloro-platinates. — With  certain  metallic  chlorides  (such  as  the 
chlorides  of  the  alkalies  and  the  alkaline  earths),  PtC^  forms  double 
salts  called  chloro-platinates,  or  plati7io-chlorides,  having  the  general 
formula  2M'Cl,PtCl4.  The  potassium  and  ammonium  platino-chlorides 
(2KCl,PtCl4,  and  2NH4Cl,PtCl4)  are  but  very  slightly  soluble  in 
water,  and  insoluble  in  alcohol.  They  constitute,  therefore,  the  com- 
pounds by  which  the  ammonia  or  the  potassium  present  in  a  solu- 
tion may  be  estimated.  Both  the  potassium  and  ammonium  platino- 
chlorides  consist  of  yellow  octahedral  crystals.  The  ammonium  salt 
is  easily  decomposed  by  heat,  but  the  potassium  salt  undergoes  decom- 
position with  difficulty.  The  sodium  compound  is,  on  the  contrary,  of 
a  red  color,  and  very  soluble  both  in  water  and  in  alcohol.  Platinic 
chloride  also  forms  double  salts  with  the  chlorides  of  some  of  the 
organic  bases. 


PI,ATINU!ir. 


PLATINAMINES. 

Bases  Produced  by  tiik  Action  of  Ammonia  on  Platinum 

Chlorides. 

These  bases,  of  wliicli  several  have  been  deHcribed,  are  to  be  regarded 
as  aromonias,  in  which  part  of  the  liydrof^on  of  two  or  more  ammonia 
molecules  has  been  replaced  by  platinum,  either  in  tlie  form  of 
dyad  or  tetrad  platinum. 

Similar,  but  less  important  groups  occur  in  the  case  of  cobalt  (cohalt- 
amines),  and  perhaps  of  copper  and  mercury.  Four  only  of  the  am- 
monia compounds  of  platinum  will  be  noted  here  : — 

(1.)  Platoso-Tetrammonic  Chloride  {Chloride  of  lUheXa  firnt 

base)  has  the  formula  ^!{{^|^[{^j^|  +  rLO.    It  is  prepared  by 

dissolving  platinous  chloride  in  an  excess  of  ammonia  and  evaporating 
the  solution. 

With  platinous  chloride  this  compound  forms  the  (jreen  salt  of 
Magnus, 

p,JNIl2(NII,)Cl  p(., 

On  adding  argentic  sulphate  to  a  solution  of  the  chloride,  a  platoso- 
tetrammonic  sulphate  is  formed. 

If  barium  hydrate  be  added  to  a  solution  of  the  sulphate,  PlatosO- 

tetrammonic  hydrate  is  formed,  Pt"  |  i5h^[nH4)HO.  '^^"^ 

a  strong  caustic  and  deliquescent  alkali.  Like  the  alkaline  hydrates, 
it  absorbs  carbonic  acid  from  the  air,  and  expels  ammonia  when  added 
to  its  salts. 

(2.)  PlatOSO-Diammonic   Chloride  {Chloride  of  JleiseVs  second 

base)  has  the  formula  Pt"  y  jq^j-£'*Qj         is  prepared  by  heating  the 

platoso-tetrammonic  chloride  to  518°  F.  (270°  C). 

By  heating  the  platoso-tetrammonic  hydrate  to  230°  F.  (110°C.),  the 

platoso  -  diaramonic  hydrate  is  formed,  I**-"  |  jjjj^  jjq  This  base 
forms  insoluble  but  easily  decomposed  salts  with  acids. 

(3.)    Platino-Diammonic  Chloride  {Chloride  of  GerhardVs  base) 

I  Nil  CI 

has  the  formula  ^^''^Jz  |  j^jj'^q^     I*  is  prepared  by  passing  chlorine 

through  water  in  which  the  platoso-diammonic  chloride  is  suspended. 

The  hydrated  base  is  formed  on  adding  ammonia  to  a  boiling  solution 
of  the  nitrate.  It  has  the  same  composition  as  that  assigned  to  ful- 
minating platinum. 

(4.)  Platino-Tetrammonic  Chloride  {Gros'  chloride)  has  the 

formula  PtClj  |  NH^^NH^jci.  prepared  by  heating  the  platino- 

diammonic  chloride  with  ammonia. 

L  L 
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Compounds  op  Platinum  and  Sulphur. 
(12.)  Platinous  sulphide       ...        ...        ...  PtS. 

(13.)  Platinic  sulphide         ...        ...        ...  PtSg- 

(12,  13.)  These  sulphides  are  formed  by  the  action  of  sulphuretted 
hydrogen  on  platinous  and  platinic  chlorides  respectively.  Platinic 
sulphide  is  also  formed  when  sulphuretted  hydrogen  is  passed  through 
a  solution  of  a  platinum  compound.  Platinic  sulphide  is  soluble  in  the 
alkaline  sulphides  and  hydrates,  forming  the  sidpho-jylatinates. 

Platino-nitrites. — These  are  compounds  of  platinum  with  nitrites 
of  other  metals,  e.g.,  K2Pt(N02)4.  The  platinum  cannot  be  detected 
in  these  bodies  by  the  usual  reagents,  nor  do  they  behave  like  ordinary 
double  salts. 

Eeactions  of  Platinum  Compounds. 
Platinic  Salts. 

1.  Sul2-)h,uretted  hydrogen ;  a  black  ppt.  (PtS2),  soluble  in  excess  of 
ainmonic  sulphide. 

2.  Ammonia ;  a  yellow  ppt.  (2NH4Cl,PtCl4),  decomposed  by  heat. 

3.  Potassic  hydrate;  a  yellow  ppt.  (2KCl,PtCl4). 

4.  Stannous  chloride ;  a  deep  brown  in  acid  solutions. 

5.  Potassic  iodide ;  a  brown  ppt.  of  Ptl4. 
Estimation  of  Platinum. — (1.)  As  a  metal. 

(2.)  As  the  potassic  or  ammonic  platinic  chloride — 
100  (2KCl,PtCl4)     =  40-36  Pt. 
ioo  (2NH4Cl,PtCl4)  =44-18  Pt. 


MOLYBDENUM  (Mo). 

Atomic  lueight,  96.  Atomicity  :  dyad  in  molybdous  compounds  (as  Mo"C.l2  ; 
Mo"0),  and  tetrad  in  molybdic  compounds  (M0O2  ;  MoC]4).  Specific 
heat,  0-0722. 

History. — Discovered  by  Hjelm,  1782.  Formerly  the  atomic  weight 
was  stated  as  92,  but  Mendeleef  predicted  that  it  would  be  found  to 
be  above  94,  the  atomic  weight  of  Niobium.  This  prophecy  has  been 
confirmed  by  later  experiments. 

Natural  History.— The  metal  is  not  found  free  in  nature,  but 
occurs  chiefly  as  a  sulphide  (called  molybdena  {fio\v(5daira)  from  its 
resemblance  to  black-lead)  in  molybdenite  (MoSg),  as  an  oxide  in 
molybdenum  ochre  (M0O3),  and  as  a  lead  molyhdate  in  wulfenite 
(PbMo04). 

Preparation.— By  the  reduction  of  MoOo  in  a  current  of  hydrogen, 
or  by  the  action  of  a  very  high  temperature  on  a  mixture  of  the  oxide 
with  carbon. 

Properties.— A-  white,  brittle  metal,  permanent  in  air  at  ordinary 
temperatures.    Infusible  in  the  oxybydrogen  flame  unless  the  metal 


MOLYBDENUM. 


olo 


contains  carbon.  Specific  gravity,  8-6.  The  metal  is  oxidized  to  mo- 
lybdic  acid  (HoMoCi)  by  boiling  it  in  nitrie  acid.  It  is  soluble  in 
hot  sulphuric  acid,  but  is  insoluble  in  dilute  nitric  and  hydrochloric 
acids.  By  heat  it  combines  with  chlorine  (M0CI4)  the  product  being 
evolved  in  the  form  of  red  vapors,  which  condense  to  black  scales. 
It  also  combines  with  oxygen,  molybdic  oxide  (MoO.j)  being  formed 
when  the  metal  is  heated  to  redness.  Molybdenite  marks  paper  with 
an  olive  green  streak. 

Compounds  of  Molybdenum  (Mo  =  96). 


1 

2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


COMPOUNDS. 


o 

o 


O 

3 


Hypomolybdous  oxide  . . 
Molybdenum  sesquioxide 

Molybdous  oxide  

Molybdic  oxide  (anhydride) . 
Molybdic  acid 
Phospho- molybdic  acid. . 

i Hypomolybdous  chloride 
Molybdenum  sesquiehloride . 
Moiybdous  chloride 
Molybdic        ,,         . .  ,. 

Molybdenum  oxychlorides  . 

j  Molybdous  sulphide 
I  Molybdic 

(        ,,  persulphide 
Sulphomolybdic  acid 
Persulphumolybdic  acid 


Formulae 
(General). 


MoO 

MO^Og 

MoOo 
M0O3 
HjMoO^ 
HjPO^.llMoOa 
MoCljCMoBrJ 
Mo,Cle[Mo,Bre] 
MoCl,[MoIJ 
MoClj 
MoOCl, 
M0O2CI2 
M02O3CL 
MoS„ 
M0S3 
MoS^ 
HjMoS, 
H2M0S5 


Molecular 
"Weight. 


112 
240 
128 
144 


167 

405 

238 

273-5 

244 


160 
192 
224 


(1.)  Hypomolybdous  Oxide  (MoO). 

Preparution. — By;^  the  action  of  potassium  hydrate  on  MoClg. 


A 


black  powder. 

(2.)  Molybdenum  Sesquioxide  (M02O3). 

Preparation. — By  the  action  of  heat  on  the  hydrate  (M02H6O6)  pre- 
cipitated when  a  caustic  alkali  is  added  to  a  solution  of  MogClg,  air 
being  excluded. 

A  grey  powder,  insoluble  in  acids. 

(3.)  Molybdous  Oxide  (MoO„). 

Preparation. — By  heating  the  hydrate  (M0H4O4)  precipitated  on 
adding  ammonia  to  a  solution  of  M0CI4  in  the  absence  of  air.  A 
brown  powder,  insoluble  in  water,  in  hydrochloric  acid  or  in  potash. 
Oxidised  by  nitric  acid  to  molybdic  acid. 

(4.)  Molybdic  Oxide  or  Anhydride  (MoO,). 

Preparation.  (See  above.)  Also  by  roasting  M0S2,  and  by  heating 
ammonic  molybdate  in  air. 

Properties. — A  white  powder,  becoming  yellow  when  heated.  Fuses 
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and  sublimes.  Soluble  in  ammonia  and  in  the  fixed  alkalies.  In- 
soluble in  acids. 

Molybdic  Acid.— The  Molybdates. 
(5.)  Molybdic  Acid  (H„MoO,). 

Preparation. — By  adding  hydrochloric  or  nitric  acid  (avoiding  excess 
of  acid)  to  a  solution  of  a  molybdate. 

Properties. — A  yellow  crystalline  powder,  insoluble  in  water,  soluble 
in  excess  of  acid.  When  zinc  is  added  to  a  hydrochloric  acid  solution, 
the  nascent  hydrogen  evolved  effects  a  reduction  of  the  molvbdic 
acid,  a  colored  solution,  changing  from  blue  to  green  and  finally  to 
dark  brown,  resulting. 

Molybdic  acid  (H2M0O4)  is  dibasic.  Thus  K2M0O4  is  the  normal 
potassic  molybdate.    It  also  forms  acid  salts. 

There  are  several  hydrates  of  M0O3,  rendering  the  molybdates  a 
class  of  considerable  complexity. 

The  ammonium  molybdate  used  in  the  laboratory  as  the  test,  both 
qualitative  and  quantitative,  for  phosphoric  acid,  hsis  the  composition 
(NH,,)(5Moy02i.,4H20.  To  a  solution  containing  phosphoric  acid,  an 
excess  of  amnionic  molybdate  dissolved  in  strong  ammonia  (since  the 
salt  is  decomposed  by  water)  is  added.  When  the  solution,  acidulated 
with  nitric  acid  is  heated,  a  yellow  precipitate,  insoluble  in  water  or 
in  dilute  acids,  but  easily  soluble  in  ammonia,  is  formed.  This  precipi- 
tate consists  of  the  amnionic  phospho-molybdate  [(NH4)3P04,1  IM0O3, 
6H2O],  and  contains  all  the  phosphoric  acid  previously  in  solution. 

The  alkaline  molybdates,  and  the  molybdates  of  zinc  and  mag- 
nesium, are  soluble  in  water.  The  molybdates  of  barium,  strontium 
and  calcium  are  only  slightly  soluble. 

Phospho-molybdic  Acid— The  Phospho-Molybdates. 
(6.)  Phospho-molybdic  Acid  (H3P04,llMo03,i2H20). 

Preparation. — By  boiling  ammonic  phospho-molybdate  ((NH4)3P04, 
llMo03,6Il20)  (see  above)  in  aqua  regia,  the  resulting  solution  being 
allowed  to  evaporate  spontaneously. 

Properties.  —  Soluble  in  water.    Crystallizes  in  yellow  prisms. 

(Note. — Ammonium  molybdate  produces  a  yellow  salt  with  an  acid 
solution  of  arsenic  acid  or  of  an  arsenate.) 

(7  to  10.)  The  Chlorides  of  Molybdenum —By  heating  molyb- 
denum in  chlorine,  molybdic  chloride  (M0CI5),  may  be  obtained.  (Fuses 
at  38r2°F.  (194°  C.)  ;  fumes  on  exposure  to  air.) 

By  heating  molybdic  chloride  (M0CI5)  to  482^  F.  (250°  C.)  in  a 
current  of  hydrogen,  molybdemim  sesquicJdoride  (MooClfi)  is  obtained. 

By  heating  molybdenum  sesquichloride  (MooClfi),  mohjbdous  chloride, 
M0CI4,  is  obtained. 

By  heating  molybdenum  sesquichloride  (MogClfi)  in  a  current  of  car- 
bonic anhydride,  kijpomolybdous  chloride  (MoClg)  is  obtained. 
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(15  to  17.)  The  Sulphides  of  Molybdenum— ^o^y^^/ows  Sul- 
phide (MoSg)  is  prepared  by  heating  molybdic  oxide  (M0O3)  ^ 
current  of  HgS.  Molybdic  Sidphide  (M0S3)  is  prepared  by  adding  HCl 
to  a  molybdate  solution  saturated  with  HgS.  Molybdic  Persulphide 
(MoS^)  is  prepared  by  first  boiling  a  solution  of  potassium  molybdate 
saturated  with  sulphuretted  hydrogen,  and  afterwards  adding  hydro- 
chloric acid  to  the  solution  of  potassic  persulphomolybdate  formed 
(K2M0S5). 

Tests  for  Molybdenum  Compounds. 

(A.)  Tests  for  molybdous  salts  (corresponding  to  Mo"0)  ;  color, 
black  and  opaque. 

(B.)  Tests  for  molybdic  salts  (corresponding  to  Mo'^'Og);  color, 
reddish  brown. 

(1.)  Sidphuretted  hydrogen;  at  first  a  blue  tint,  and  then  a  brown 
ppt.,  soluble  in  ammonic  sulphide. 

(2.)  Sodic  and  potassic  hydrates' and  their  carbonates ;  a  brown  ppt., 
soluble  in  ammonic  carbonate. 

(C.)  Tests  for  molybdates. 

(1.)  A  piece  of  zinc  placed  in  a  dilute  acid  solution  of  a  molybdate, 
turns  the  liquid  first  blue,  then  green,  and  finally  black. 

(2.)  Stannous  chloride;  a  blue  ppt.  (MoOo^MoOg). 

(3.)  Acids;  a  ppt.  of  M0O3,  soluble  in  excess. 

(4.)  Potassic  Ferrocyanide  ;  a  reddish-brown  ppt. 

All  molybdenum  compounds  color  a  borax  bead  dark  brown  in  the 
inner  flame,  and  yellow  in  the  outer  flame.  The  color  of  the  bead 
disappears  on  cooling, 

IRIDIUM  (Ir). 

Atomic  weight,  198.    Specific  gravity,  22-38.    Atomicity,  dyad  (IrO)  ; 
tetrad  (IrC^);  p)seudo-triad  (IrgCIg). 

History —Discovered  by  Smithsdn  Tennant,  1804.  Called  iridium 
{iris,  the  rainbow)  on  account  of  the  varied  tints  of  its  compounds. 

Natural  History. — Found  native  in  most  platinum  ores.  It  also 
occurs  as  an  alloy  with  osmium  {osmiridium). 

Preparation.— (1.)  (a.)  Chlorine  is  first  passed  over  a  heated 
mixture  of  the  iridium  alloy  (iridium,  ruthenium  and  osmium)  with 
sodium  chloride,  double  chlorides  of  iridium  and  sodium  (2NaCl,IrCl4) 
and  of  osmium  and  sodium,  etc.,  being  formed. 

(/3.)  This  mass  is  now  treated  with  boiling  water,  whereby  the 
double  chlorides  formed  are  dissolved  away  from  the  insoluble  por- 
tion (ruthenium  not  being  soluble). 

(y.)  The  concentrated  solution  is  then  distilled  with  nitric  acid, 
which  decomposes  the  double  osmium  salt,  liberating  the  volatile  osmic 
anhydride  (OSO4). 
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(^.)  The  solution  remaining  in  the  retort  (which  contains  the 
iridium)  is  then  treated  with  ammonium  chloride,  and  the  resulting 
dark  red-brown  precipitate  of  ammonium  iridic  chloride  (2NH4CI, 
IrCl4)  ignited.  In  this  way  iridium  is  obtained  in  a  spongy  form. 
(Wohler.) 

(2.)  Fremy  prepares  the  metal  by  igniting  the  potassium  iridic 
chloride  (2KCl,IrCl4)  in  a  current  of  hydrogen.  The  double  chloride 
is  formed  by  the  action  of  potassium  chloride  on  a  solution  of  the 
metal  in  aqua  regia  (IrCl4). 

Properties. — (a.)  Physical.  A  hard,  white  and  brittle  metal, 
crystallizing  in  cubes  as  well  as  in  six-sided  prisms  (^dimorphous).  The 
metal  may  be  obtained  as  a  black  powder,  by  precipitating  it  with 
alcohol  from  a  solution  of  the  sulphate.  This  finely  divided  iridium 
possesses  properties  similar  to,  but  more  energetic  than  platinum  black. 
It  fuses  when  heated  in  the  voltaic  arc  or  in  the  oxy hydrogen  jet. 

The  fused  metal  has  a  specific  gravity  of  22'38. 

Its  alloy  with  osmium  has  a  specific  gravity  of  22'6.  The  metal 
is  sometimes  used  for  tipping  gold  pens. 

(/3.)  Chemical.  The  pure  metal  in  mass  is  unacted  upon  either 
by  air,  by  heat,  or  by  any  acid.  On  the  contrary,  the  alloy  of 
iridium  and  platinum  is  soluble  in  aqua  regia,  whilst  the  finely  divided 
metal  when  heated  in  air  absorbs  oxygen,  forming  the  sesquioxide 
(LgOs),  a  black  powder  used  for  imparting  an  intense  black  to 
porcelain.  The  finely  powdered  metal  is  oxidized  (but  not  dissolved 
as  in  the  case  of  rhodium)  by  fusion  with  hydric  potassic  sulphate. 
It  is  also  oxidized  by  fusion  with  sodic  nitrate  and  sodic  hydrate,  the 
resulting  compound  being  soluble  in  aqua  regia,  forming  a  deep  black 
solution  containing  the  double  sodium  iridic  chloride  (2NaCl,IrCl4). 
Iridium,  like  palladium,  combines  with  carbon  when  heated  in  the 
flame  of  a  spirit  lamp. 

Compounds  of  Iridium  (Ir  =  198). 


COMPOUNDS. 


Iridous  oxide  

Iridic  sesquioxide  

,,  dioxide  

„  hydrate   

anhydride  

Iridous  chloride   

Iridic  sesquichloride   

, ,  chloride   

(The  iodides  similiir  to  the  chlorides). 

Iridous  sulphide  

iridic  sesquisulphide   

sulphide   


O 


-1. 

P4 


Molecular 
Weight. 


214 
444 
230 
266 
246 
269 
609 
340 

230 
492 
262 
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Iridic  Chloride  (IrCli).  Preparation. — By  dissolving  the  metal  or 
its  sesquioxide  iu  aqua  regia. 

The  chloride  forms  double  salts  with  alkaline  chlorides,  isomor- 
phous  with  the  platinum  salts  {e.g.,  the  potassium  iridic  chloride 
2KCl,IrCl4). 

Reactions. 

(1.)  Sulphuretted  hydrogen  first  decolorizes  a  solution  of  2NaCl,IrCl4 
precipitating  sulphur,  and  afterwards  precipitates  the  brown  IrgSg. 

(2.)  Ammonic  sulphide;  reaction  as  above,  the  precipitated  IrgSg  being 
soluble  in  excess. 

(3.)  Sadie  or  potassic  hydrate;  a  brownish  black  precipitate,  the 
solution  turning  green,  and  when  heated  blue. 

(4.)  Potassic  chloride;  a  dark  brown  precipitate  (2KCl,IrCl4). 
(5.)  Zinc  precipitates  spongy  iridium  from  solutions  of  its  salts. 


CHAPTER  XVIII. 


THE  METALS  OF  GROUP  1. 

Lead  and  its  Compounds — Silver  and  its  Compounds — Mercury  and  its  Com- 
pounds— Thallium  and  its  Compounds — Tungsten  and  its  Compounds. 

LEAD  (Pb  =  206-5).' 

Atomic  weight,  206*5.  Specific  gravity,  11*445.  Specific  heat,  0"()314; 
Fuses,  617°  F.  {325°  C).  Atomicity:  dyad  (FhC\g) ;  tetrad  (VhOo; 
Pb(C2H5)4),  and  occasionally  a  pseudo-triad  ('Pb'"2(C2H5)6). 

History. — Known  to  the  ancients  {Plumbum)  (b  =  scythe  of 
Saturn.    Hence  the  expression  "  Saturnine  poisoning.") 

Natural  History. — Not  found  native,  or  at  most  in  very  minute 
quantities.  Occurs  cliiefly  as  a  sidphide  (galena)  (PbS),  accompanied 
by  more  or  less  silver.  In  smaller  quantities  it  is  found  as  a  ca?'- 
bonate,  white  lead  ore "  (cerussite)  (PbCOs),  and  as  a  sulphate 
("anglesite")  (PbS04).  A  phosphate,  tuugstate,  oxychloride,  molyb- 
date,  arsenate,  and  chromate  of  lead  occur  as  native  minerals. 

Preparation. — Fro7n  Galena. — 1.  (a.)  The  ore,  after  the  addition  of 
a  little  lime,  is  roasted  in  a  reverberatory  furnace  with  free  access  of 
air.  The  following  changes  take  place  : — One  part  of  the  PbS  be- 
comes oxidized  to  PbS04  5  ^  second  part  loses  its  sulphur  (with  evolu- 
tion of  SOg),  PbO  being  formed  ;  a  third  part  remains  undecomposed. 
Thus  a  mixture  of  PbS04,  PbS  and  PbO  results. 

(/3.)  Air  being  excluded,  the  heat  of  the  furnace  is  now  raised.  The 
following  changes  occur : — The  sulphate  and  oxide  of  lead  respectively 
decompose  the  unaltered  lead  sulphide,  the  metal  being  reduced  with 
evolution  of  SOg.    Thus — 

(a.)  PbS04      +        PbS        =  2Pb    +  2SO2. 

Lead  sulphate    +    Lead  sulphide    =    Lead    +    Sulphurous  anhydride. 

(/3.)    2PbO       +        PbS        =  3Pb  +  SO2. 

Lead  oxide      +    Lead  sulphide    =    Lead   +    Sulphurous  anhydride. 

In  some  cases  carbon  (partially  burnt  peat)  is  added  to  assist  in  the 
reduction  of  the  ore. 

[During  the  operation  of  roasting  some  plumbous  sulphide  (PboS) 
is  formed  (fusible  matt),  which  floats  on  the  metal,  and  has  to  be 
re-treated.] 

2.  Where  other  metallic  sulphides  (as  ZuS  or  FeS)  are  present,  the 
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ore  may  be  reduced  by  fusion  with  cast  iron,  the  quantity  of  iron  added 
being  less  than  is  required  by  the  sulphur  of  the  PbS.  The  sulphur 
combines  with  the  iron  to  form  ferrous  sulphide,  it  having  a  greater 
attraction  for  iron  than  for  lead.  This,  with  any  other  sulphides  that 
may  be  formed,  float  as  a  fusible  slag  on  the  top  of  the  molten  lead. 

3.  Preparation  of  pure  lead. — The  pure  nitrate  is  to  be  ignited,  and 
the  oxide  formed  reduced  with  black  flux. 

Impurities. — Antimony  (forming  hard  lead"),  manganese,  silver, 
tin,  iron,  copper. 

Purification  Refining,"  "■Improving;'  "  Softening  ").— The  lead 
is  first  melted.  The  tin  and  antimony  present  (which  render  the  lead 
hard)  oxidize  more  rapidly  than  the  lead.  These  oxides,  as  fast  as  they 
are  formed,  must  be  removed  from  the  surface  of  the  melted  metal. 

Extraction  of  Silver. — (l.)  Concentration  of  the  silver  alloy  by 
Pattinson's  process. — This  process  (which  is  resorted  to  if  the  silver 
present  be  less  than  one-tenth  per  cent,  of  the  alloy)  depends  on  the 
circumstance  that  the  alloy  of  silver  and  lead  is  more  fusible  than  pure 
lead.  The  lead  containing  the  silver  is  melted  in  iron  pots,  and  well 
stirred  as  it  cools.  A  lead,  almost  entirely  free  from  silver,  solidifies 
and  sinks  to  the  bottom  of  the  vessel  in  the  form  of  crystalline  grains, 
which  are  ladled  out  as  fast  as  they  are  formed.  The  silver  remains 
in  the  liquid  metal,  which  at  the  end  of  the  process,  conducted  in  a 
series  of  vessels,  usually  amounts  to  about  one-third  of  the  lead  melted. 

(2.)  The  silver  is  obtained  from  this  concentrated  argentiferous  alloy 
(or  directly  from  the  lead  without  concentration  if  the  silver  present 
be  above  one-tenth  per  cent.)  by  cupellation,"  as  follows  : — The  alloy 
is  exposed  to  a  high  temperature  in  a  free  current  of  air,  whereby 
litharge  (PbO)  is  formed,  the  silver  remaining  unchanged.  This 
PbO,  which  fuses  at  a  low  temperature,  is  run  oS  from  the  silver, 
which  thus  remains  of  a  bright  appearance  (fulguration)  and  in  a  state 
of  comparative  purity. 

(3.)  In  Parke's  process,  advantage  is  taken  of  the  circumstance  that 
zinc  forms  an  alloy  with  silver  but  not  with  lead.  After  the  silver- 
lead  has  been  melted,  zinc  is  added  to  the  alloy.  The  zinc,  as  soon 
as  it  is  melted,  floats  on  the  surface  of  the  lead,  carrying  the  silver 
with  it.  The  silver-zinc  alloy  is  removed  during  solidification,  and  the 
zinc  dissolved  away  from  the  silver  by  the  action  of  dilute  sulphuric 
acid. 

Properties. — (a.)  Physical.  Lead  is  a  bluish-white  metal,  very  soft 
when  pure,  histrous  when  freshly  cut.  Its  softness  is  more  or  less 
destroyed  by  the  presence  of  plumbic  oxide,  a  small  quantity  of  which 
is  soluble  in  the  melted  metal.  It  is  neither  very  malleable  nor  ductile. 
By  slow  cooling  it  may  be  obtained  in  cubes  and  octahedra.  By  the 
electrolysis  of,  or  by  suspending  a  piece  of  zinc  in,  a  solution  of  one  of 
its  salts,  the  lead  maybe  obtained  in  leaf-like  forms.  At  617°  F. 
(325°  C.)  it  fuses,  and  at  a  white  heat  boils  and  volatilizes.    It  con- 
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tracts  considerably  at  the  moment  of  solidification.  It  is  inferior  to 
most  metals  as  a  conductor  of  heat  or  electricity. 

(/3.)  Chemical.  Action  of  Air.— A.  perfectly  dry  air  has  no  action  on 
lead  at  ordinary  temperatures,  but  the  metal  rapidly  tarnishes  in  moist 
air,  the  film  of  oxide  which  forms  on  the  surface  preventing  the  further 
action  of  air.  At  high  temperatures  the  metal  rapidly  absorbs  oxygeu, 
emitting  white  fumes  of  lead  oxide,  and  at  the  same  time  volatilizing 
slightly.  It  becomes  covered  moreover  with  a  black  film  of  suboxide, 
which  at  a  higher  temperature  becomes  the  yellow  oxide  (2PbO,H20). 

Action  of  Water  only. — Pure  and  uu-aerated  water  has  no  action  on 
pure  lead.  Lead  decomposes  water  at  a  white  heat  with  evolution  of 
hydrogen  and  the  formation  of  PbO. 

Action  of  Air  and  Water. — ^Lead  rapidly  oxidizes  (forming  PbHgOs) 
from  the  combined  influence  of  air  and  water,  the  water  dissolving  the 
hydrated  oxide  formed,  and  leaving  a  clean  surface  of  lead  for  the 
further  action  of  the  air.  The  resulting  solution  of  oxide  absorbs 
carbonic  anhydride  from  the  air,  a  basic  lead  carbonate  being  preci- 
pitated (PbCOgjPbHgOo).  The  water,  thus  freed  from  lead,  is  then 
capable  of  dissolving  any  fresh  lead  oxide  that  may  be  formed  on  the 
surface  of  the  metal.  By  this  means  the  almost  complete  corrosion 
of  metallic  lead  (as,  e.g.,  in  old  leaden  coffins)  may  be  effected,  with 
the  conversion  of  the  lead  into  a  basic  carbonate. 

The  circumstances  influencing  this  combined  action  of  air  and  water  on 
lead  are  both  numerous  and  important,  viz.: — 

1.  The  presence  of  chlorides,  nitrates,  and  nitrites,  and  of  ammonia 
in  the  water  j)romote  corrosion. 

2.  The  presence  of  sulphates,  phosphates  and  carbonates,  especially 
of  calcic  carbonate  in  water  containing  COg,  hinder  corrosion.  The 
presence  of  a  limited  quantity  of  carbonic  acid  in  water  interferes  with 
corrosion,  by  fixing  on  the  lead  a  film  of  insoluble  plumbic  carbonate ; 
whilst  an  excess  of  COg  may  increase  corrosion,  plumbic  carbonate 
being  soluble  in  water  highly  charged  with  the  gas.  On  boiling, 
the  soluble  lead  carbonate  subsides  as  the  gas  escapes.  The  presence 
of  vegetable  matter  in  water  also  hinders  corrosion,  by  coating  the 
metal  with  a  compound  of  lead  oxide  and  organic  matter.  In  contact 
with  air  and  sea-water  an  oxide  and  a  chloride  of  lead  are  formed. 
Calcic  sulphate,  in  the  presence  of  moisture,  rapidly  corrodes  lead. 
This  is  seen  when  lead  pipes  are  placed  in  contact  with  plaster. 

The  author  in  a  joint  paper  with  Crookes  and  Odhng  has  shown  that 
the  solvent  action  of  soft  waters  for  lead  depends  on  the  quantity  of 
dissolved  silica  and  the  formation  on  the  lead  of  a  lead  silicate,  those 
waters  that  act  freely  and  continuously  on  lead  invariably  containing 
a  very  small  relative  amount  of  silica  in  solution.  {See  paper  "  On 
the  Action  of  Soft  Waters  on  Lead^''  by  Crookes,  Odling,  and  Tidy, 
.1887.) 

Action  of  Acids. — Sulphuric  acid  and  hydrochloric  acid  are  without 
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action  on  lead  at  ordinary  temperatures.  Even  when  boiling,  their 
action  is  slight.  Hot  aqua  regia  acts  readily  on  the  metal,  crystals  of 
PbClj  being  deposited  on  cooling.  Nitric  acid  (especially  if  dilute) 
dissolves  it,  nitric  oxide  being  liberated.  Acetic  acid  dissolves  the 
metal  rapidly,  changing  it,  in  the  presence  of  carbonic  acid,  to  white 
lead.  Hence  green  oakwood  (which  contains  acetic  acid)  should  never 
be  placed  near  lead  fittings,  nor  should  metallic  lead  be  allowed  to 
remain  in  contact  with  acid  liquids  used  as  food. 

Action  of  Alkalies. — These  possess  no  special  action  on  lead. 

Chlorine  acts  on  lead,  until  a  sufficiently  protective  covering  of  lead 
chloride  has  been  formed. 

Uses.— For  alloys,  as  type-metal  [Pb(2)Sb(l)Sn(l)],  shot  (0-5  per 
cent,  of  arsenic  being  added  to  facilitate  the  metal  assuming  a  spherical 
shape),  solder  (Pb  and  Sn),  etc.  The  metal  is  largely  used  in  building 
operations,  as,  e.g.,  for  cisterns,  roofing,  etc.  ;  also  for  sulphuric  acid 
chambers,  etc. 


Compounds  of  Lead  (Pb  =  207). 


COMPOUNDS. 


oxide  (black  sub 


.Plumbous 
[  oxide) 
I  Plumbic  oxide  (litharge) 
(  Plumbic  peroxide . . 


y^Eed  leads 

Plumbic  chloride  . . 
(  Mendipite 

(Pattinaon's  white) 
[  (Turner's  yellow) 

Plumbic  bromide  . . 

Plumbic  iodide 

Plumbic  fluoride  . . 
'  Plumbous  sulphide 
phide) 

,  Plumbic  sulphide  (galena) 

Sulphochlorides  . . 

Selenide  

Sulphate   

Sulphite   


(subsuL 


<  Plumbic  nitrates 

Phosphate  (pyro) 

Carbonate 
I  Normal  acetate 
( Basic  acetate 


Formulae. 


V\0 
PbO 
PbO^ 
PbO.PbOj 
2PbO,Pb02 
3Pb0,Pb0„ 

PbClj 
2PbO,PbCL 
PbO,PbCL 
7PbO,PbCl3 
PbBr„ 
Pblj 
PbF^ 

PKS 
PbS 
PbS.PbCl^ 
3PbS,PbCl2 
PbSe 
PbSO, 
PbSO, 
Pb2N03 
Pb2N03,PbH„0„ 
2(Pb2N03,2Pb0),30H„ 
Pb2N03,5Pb0,0H„ 
Pb^PjO, 
PbCO, 
Pb2(C2H30,) 
Pb2(C2H30^,2PbO 


Molecular 
"Weight 

Specific 
Gravity. 

Pb  or  PbO 
per  cent. 

430 

223 

9-2  to  9-5 

Pb  92-8 

239 

9-45 

Pb  86-61 

278 

6-8 

Pb  74-46 

367 

6-63 

461 

6-384 

446 

239 

7-59 

Pb  86-61 

303 

6-3 

PbO  73-6 

331 

4-4 

PbO  67-37 

267 

6-46 
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CoMPoaNDs  OF  Lead  and  Oxygen, 

1.  Plmnbous  oxide        ...        ...        ...        ...  PbgO. 

2.  Plumbic  oxide   PbO. 

3.  Plumbic  peroxide      ...        ...        ...        ...  PbO„. 

4.  Red  leads    Pb.Os  ;  Pb.504  ;  Pb^Ofi. 

(1.)  Plumbous  OldAe.— Suboxide  of  lead  (Ph^O). 

Preparation. — (1.)  By  heating  plumbic  oxide  to  redness. 

(2.)  By  heating  lead  oxalate  to  608°  F.  (320°  C. ),  air  being  excluded  :— 

2Pbao4      =     PboO     +  3CO2  +  CO. 

Lead  oxalate  Plumbous  oxide. 

Properties. — A  grey  substance,  which  does  not  combine  nor  form  salts 
with  acids.  Plumbic  oxide  and  the  metal  are  formed  when  plumbous 
oxide  is  acted  upon  by  acids  or  heated  in  the  absence  of  air. 

(2.)  Plumbic  Oxide. — ^eacZ  protoxide  or  monoxide  ;  litharge ;  mas- 
sicot (PbO). 

Although  found  in  nature,  plumbic  oxide  is  a  comparatively  rare 
mineral. 

Preimration.—{\.)  As  a  hydrate  (2PbO,H„0  and  3PbO,H„0).  By 
precipitating  lead  solutions  with  alkalies. 

(2.)  Anhydroii^s  (PbO).    By  heating  lead  in  air,    {See  below.) 

[Most  of  the  commercial  litharge  is  that  formed  during  the  cupellation 
of  argentiferous  lead. — See  page  521.] 

(3.)  By  igniting  the  carbonate,  nitrate  or  hydrate. 

Properties. — (a.)  Physical.  Lead  oxide  is  found  of  various  colors. 
It  is  yellow,  if  the  heat  used  in  its  preparation  be  below  that  neces- 
sary to  fuse  the  oxide  (massicot)  ;  whilst  it  is  red  (due  to  the  forma- 
tion of  PbgOs)  if  the  heat  employed  has  been  great  (litharge). 
Litharge,  when  heated,  turns  brown,  the  color  disappearing  as  the 
oxide  cools.    It  fuses  at  a  bright  rod  heat.    Specilic  gravity,  9*5. 

(/3.)  Chemical.  Litharge  is  slightly  soluble  in  water,  solution  being 
favored  by  the  presence  of  organic  matter  in  the  water,  and  hindered 
by  the  presence  of  saline  constituents.  The  solution  is  alkaline.  It 
dissolves  freely  in  nitric  and  acetic  acids.  It  absorbs  COg  from  the 
air  with  great  x'apidity,  a  lead  carbonate  being  precipitated.  It  is  a 
powerful  base,  and  exhibits  a  great  tendency  to  form  basic  salts.  Most 
plumbic  salts  are  insoluble  in  water.  Hence  lead  acetate  is  in 
constant  use  as  a  laboratory  reagent  for  the  detection  of  acids.  At 
the  temperature  of  fusion,  PbO  combines  with  silica  or  with  clay  (e.g., 
clay  crucibles)  to  form  a  fusible  silicate  of  lead.  Plumbic  oxide  is 
easily  reduced  by  heat  in  the  presence  of  organic  matter,  or  in  a 
current  of  carbonic  oxide  at  212°  F.  (100°  C),  or  in  hydrogen  at 
590°  F.  (310°  C). 

It  is  soluble  in  alkaline  solutions,  forming,  with  the  alkalies,  com- 
pounds that  are  easily  decomposed. 
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Uses.—'Neaxlj  all  the  lead  salts  are  prepared  from  litharge.  It  is 
used  as  a  glaze  for  earthenware.  Also  in  the  manufacture  of  glass,  on 
account  of  the  ease  with  which  it  combines  with  silica  at  a  high 
temperature.  For  a  flux.  Also  in  the  manufacture  of  "  dhil  mastic  " 
(a  mixture  of  lead  oxide  and  brickdust,  made  into  a  paste  with  linseed 
oil),  a  compound  which  sets  very  hard,  and  is  used  for  repairing  stone. 
It  is  employed  as  a  hair  dye  (a  solution  of  the  oxide  in  lime-water), 
the  sulphur  of  the  hair  forming  the  black  PbS  with  the  lead. 

Plumbic  Hydrates— Hydrates,  one  having  the  composition 
2PbO,H20  [prepared  by  the  addition  of  an  alkaline  hydrate  to  a  salt 
of  lead],  and  a  second,  SPbCHoO  are  known.  Both  are  insoluble  in 
water,  but  readily  combine  with  acids,  even  with  COo.  No  hydrate  of 
the  formula  PbO,HoO  has  been  prepared. 

(3.)  Pllimbic  Peroxide  or  Dioxide. — Puce  or  brown  lead  oxide 
(PbOo)  [Mol.  wt.,  239  ;  Sp.  gr.,  9-4].  This  compound  is  found  native 
as  heavy  lead  ore  or  plattnerite. 

Preparation. — (1.)  By  digesting  red  lead  (2PbO,Pb02)  in  boiling 
dilute  nitric  acid,  a  solution  of  nitrate  of  lead  is  formed  and  plumbic 
peroxide  (PbOo)  precipitated. 

(2.)  By  fusing  together  litharge,  potassic  chlorate  and  nitre. 

(3.)  By  passing  chlorine  through  water  containing  plumbic  hydrate 
or  carbonate  in  suspension. 

(4.)  Deposited  on  the  positive  electrode  when  a  lead  salt  is  electro- 
lysed. 

Projm-ties. — A  brown  substance  insoluble  in  water  and  in  acids. 
It  is  decomposed  at  a  red  heat  (2Pb02=2PbO  +  02).  It  acts  as  a 
powerful  oxidizing  agent ;  hence  its  use  in  the  manufacture  of  lucifer 
matches  for  igniting  the  sulphur,  and  in  the  laboratory  as  an  ab- 
sorbent of  SO2  (Pb02  + S02=PbS04).  Nitric  acid  has  no  action 
upon  it.  With  hydrochloric  acid  it  forms  lead  chloride,  and  with 
sulphuric  acid  lead  sulphate,  chlorine  being  evolved  in  the  former 
case,  and  oxygen  in  the  latter.  Its  properties  being  feebly  acid  rather 
than  basic,  it  has  been  called  plumbic  acid,  and  the  compounds  formed 
by  fusing  it  with  caustic  soda  or  potash,  plumbates.  Thus  it  combines 
with  alkalies,  as  in  the  salt  potassic  plumbate  (K20,Pb02,3H20).  In 
certain  storage  batteries  the  negative  plate  consists  of  a  porous  mass 
of  this  material. 

(4.)  Red  Lead  (Minium). — This  substance  is  represented  by  various 
formulaj.  PbgO^  represents  the  ordinary  and  more  common  formula 
for  red  lead,  and  PboO,  or  Pb^Og  the  formulas  of  the  red  leads 
less  frequently  formed  or  mixed  with  the  PbgO,!  in  varying  small  per- 
centages. 

Preparation. — By  exposing  massicot  (i.e.,  plumbic  oxide  Avhich  has 
not  been  fused)  to  a  faint  red  heat  of  608°  F.  (320°  C.)  for  some  hours 
in  the  presence  of  air. 
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Properties.— A  heavy  red  powder  (Sp.  gr.  9-08),  evolving  oxygen 
when  heated  (2Pb.i0.i=6PbO  +  O2).  Most  acids  decompose  it,  form- 
ing plumbic  salts  and  plumbic  peroxide.  Dilute  nitric  acid  acts  upon 
it  in  the  cold,  forming  lead  nitrate  and  leaving  PbOj  undissolved. 
Warmed  with  hydrochloric  acid,  it  forms  lead  chloride  and  evolves 
chloriue.  When  strongly  heated  with  sulphuric  acid  it  gives  off  oxy- 
gen, lead  sulphate  being  formed. 

Uses. — As  a  pigment  in  the  manufacture  of  flint  glass.  The  excess  of 
oxygen  in  the  compound  combusts  any  organic  matter  present,  which 
would  otherwise  blacken  the  glass  by  reducing  the  lead.  Further,  for 
glass  work  it  is  important  that  the  lead  oxide  be  very  pure,  for  if  other 
metallic  oxides  were  present,  they  would  certainly  effect  a  certain  dis- 
coloration of  the  glass.    It  is  also  used  for  electrical  storage  batteries. 

Compounds  op  Lead  and  Chlorine,  etc. 

0.  Plumbic  chloride  ...   PbCL. 

/  PbO,  PbCll 

6  to  8.  Plumbic  oxychlorides    2PbO,  PbClj. 

(  7PbO,  PbCl,. 

(5.)  Plumbic  Chloride  (PbCls)  [Mol.  wt.,  278 ;  Sp.  gr.,  5-8]  is 

found  native  as  "  horn-lead,"  also  as  cotunnite. 

Preparation. — (1.)  By  precipitating  plumbic  nitrate  with  hydro- 
chloric acid  or  a  soluble  chloride.  (2.)  By  dissolving  the  metal  in 
hot  aqua  regia  and  allowing  the  solution  to  cool.  (3.)  By  dissolving 
the  oxide  or  carbonate  in  hydrochloric  acid. 

Properties. — A  white  substance,  somewhat  insoluble  in  cold  water 
(1  in  130),  but  soluble  in  boiling  water  (1  in  33),  from  which  solution 
it  is  deposited  on  cooling  in  wliite  rhombic  needle  crystals.  It  fuses 
when  heated  in  vacuo  into  a  horny  mass,  which  at  a  higher  tem- 
perature vohitilizes.  In  the  presence  of  air,  oxychlorides  are  formed 
by  the  action  of  heat  upon  it. 

(6  to  8.)  There  are  several  OxychlorideS  of  lead  ;  e.g.,  (1.)  Pat- 
tinSOn's  white  OXychloride  (PbOjPbClg)  is  a  compound  used  as  a 
substitute  for  white  lead.  It  is  prepared  by  adding  lime-water  to  a 
solution  of  PbCls  in  hot  water  (2PbCl2-|-CaO=PbO,PbC]2-|- CaClg). 

(2.)  Mendipite  (2PbO,PbCi2).  (3.)  Turner's  yellow  (Paris,  patent 

or  mineral  yellow)  (TPbOjPbCL),  is  prepared  by  heating  together 
litharge  and  ammonium  chloride. 

(10.)  Plumbic  Iodide  (Pbig)  [Molecular  weight,  461  ;  Sp.  gr., 
6-38]. 

Preparation. — By  mixing  solutions  of  plumbic  acetate  and  potassic 
iodide'. 

Properties. — A  bright  yellow  powder,  almost  insoluble  in  cold 
water,  but  soluble  in  hot,  the  solution  on  cooling  depositing  golden 
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scales  of  the  iodide.  It  dissolves  in  alkaline  iodides  to  form  double 
salts. 

A  blue  compound  of  a  lead  oxy-iodide  with  a  lead  carbonate  is 
known  (Pb20l4,4PbC03). 

Compounds  of  Lead  and  Sulphur. 
(12.)  Phimbous  sulphide      ...        ...        ...  PboS. 

(13.)  Plumbic  sulphide    PbS. 

(12.)  Pllimbous  Sul^hidie—Siibsulphide  of  lead  (PbgS).  This 
compound  is  produced  during  the  process  of  smelting  galena.  It  may 
be  prepared  by  heating  PbS  in  a  closed  vessel,  part  of  the  sulphur 
being  expelled. 

(13.)  Plumbic  Sulphide. — Protosulphide  of  lead;  galena  (PbS) 
[Mol.  wt.j  239  ;  Sp.  gr.,  7*59].    Found  native  as  galena. 

Preparation. — (1.)  {As  a  hydrate.)  By  the  action  of  sulphuretted 
hydrogen  on  a  lead  salt. 

(2.)  {Anhydrous^  By  fusing  sulphur  with  lead,  or  by  passing  sul- 
phur vapor  over  metallic  lead. 

Properties. — The  natural  sulphide  crystallizes  in  cubes,  presenting  a 
metallic  appearance.  The  artificial  sulphide  formed  by  Process  1  is 
a  black  amorphous  powder.  If  the  sulphide  be  heated  in  the  presence 
of  air,  a  mixture  of  plumbic  oxide  and  plumbic  sulphate  is  formed, 
a  part  of  the  sulphur  being  expelled.  Heated  in  vacuo  it  fuses  at  a 
bright  red  heat  without  decomposition,  and  may  even  be  sublimed  in 
a  current  of  H  or  of  COo,  the  sublimate  presenting  a  crystalline  ap- 
pearance. Strong  nitric  acid  converts  it  into  a  sulphate,  dilute 
nitric  acid  changing  it  into  a  nitrate  with  the  separation  of  sulphur. 
Boiling  hydrochloric  acid  decomposes  it,  with  the  evolution  of  HoS. 

Various  other  sulphides,  such  as  Pb4S  and  PbSs  have  been  obtained. 

Various  sulphochlorides  are  described,  viz.,  (PbClgjPbS)  and 
(SPbSjPbClg).  They  are  produced  when  HgS,  insufficient  for  complete 
precipitation,  is  passed  through  acid  solutions  of  lead  chloride. 

Lead  Oxt-salts. 

(19  to  22.)  Plumbic  Nitrate  (Pb2]sro.3).  (Mol.  wt.,  331 ;  Sp.  gr., 
4-4.) 

Preparation. — By  dissolving  either  the  metal,  its  oxide  or  carbonate, 
in  dilute  nitric  acid,  and  evaporating  the  solution  to  the  crystallising 
point. 

Properties. — A  white,  opaque,  crystalline  (octahedral)  substance, 
soluble  in  water  (1  in  8  at  60°  F.),  insoluble  in  alcohol,  and  decomposed 
by  heat  into  PbO,  O,  and  N2O4. 

Uses. — As  a  mordant  in  dyeing  and  calico  printing. 

Several  basic  plumbic  nitrates,  such  as  (Pb2N03,PbH202),  etc.,  and 
also  several  plumbic  nitrites,  are  known. 
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(14.)  Plumbic  Sulphate  (PbS04)  [Mol.  wt.,  303 ;  Sp.  gr.,  6-3] 

is  found  native  as  "  Anglesite,"  or  "  lead  vitriol."  It  also  occurs 
combined  with  lead  carbonate  as  "  Lanarkite." 

Preparation. — (1.)  By  adding  sulphuric  acid,  or  a  soluble  sulphate, 
to  a  salt  of  lead  in  solution. 

(2.)  It  occurs  as  a  secondary  product  in  the  manufacture  of  alumi- 
nium acetate. 

Properties. — A  white  powder,  soluble  in  sodium  thiosulphate,  in 
ammonium  acetate  and  tartrate,  and  in  concentrated  sulphuric  acid. 
It  is  also  slightly  soluble  in  nitric  and  hydrochloric  acids,  but  is  prac- 
tically insoluble  in  water  (1  in  22,000  parts). 

A  diplumbic  sulphate  (PboSO^),  a  ■plumbic  sulphite  (PbSOg),  and  a 
plumh'c  dithionate  (PbS206,4H20)  are  recorded.  Certain  double  com- 
pounds such  as  [(NH4)oS0^,PbS04]  are  also  said  to  exist.  , 

(16.)  Carbonate  of  Lead  (PbCOg)  [Sp.  Gr.,  6-46]  is  found  native 
as  "  cerussite."  White  lead,  or  ceruse,  is  a  basic  carbonate  (either 
SPbCOa.PbH^Oo  or  2PbC03,PbH„02)- 

Preparation  of  White  Lead. — The  principal  reactions  involved  in  its 
preparation  are  as  follows  : — 

(1.)  The  formation  of  an  acetate  of  lead,li^h2(C^\.fi^,hj  the  action 
of  acetic  acid  on  oxide  of  lead. 

(2.)  From  this  acetate,  a  basic  acetate  of  lead  is  then  formed  [PbO, 

Pb2(C2H302)]. 

(3.)  By  acting  on  this  basic  lead  acetate  with  COo,  the  lead  oxide 
is  converted  into  carbonate,  whilst  the  normal  acetate  of  lead  remain- 
ing is  again  capable  of  combining  with  more  oxide.    Thus — 

PbO,Pb2(C2H:,0„)      -I-       CO2       =     PbCOs    +  Pb2(C2H302) 
Basic  acetate  of  lead       -f-     Carbonic     =      Plumbic      -f-     Normal  acetate 

anhydride  carbonate  of  lead. 

Processes  adopted  in  the  Prejmration  of  White  Lead 

(A.)  Dutch  Process. — A  piece  of  lead  is  placed  in  a  glazed  earthen 
pot  containing  weak  crude  vinegar.  A  large  number  of  these  pots, 
built  up  in  heaps,  are  imbedded  in  spent  tan  or  horse  dung,  an  ai'range- 
ment  for  the  supply  of  air  being  made  by  means  of  gratings.  The 
heat  volatilises  the  vinegar  (acetic  acid),  which,  with  air,  converts  the 
surface  of  the  lead  into  a  basic  plumbic  acetate  : — 

2C2H4O2    +    2Pb    +       O2       =  PbO,Pb2(C2H302),H20. 
Acetic  acid     +      Lead    +     Oxygen       =  Basic  lead  acetate. 

The  COo  set  free  by  the  tan  acts  on  this  basic  acetate,  forming  water, 
the  normal  acetate,  and  white  lead  or  the  basic  carbonate  : — 

3[PbO,Pb2(C2H302)H20]  +    2CO2   =   2H2O  +  3Pb2(C2H302) 
Basic  lead  acetate  +  Carbonic   =      Water  +  Normal 

anhydride  lead  acetate 

+  2PbC03,PbO,HsO. 
-1-     Basic  lead  carbonate. 
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The  normal  acetate  thus  formed  in  the  presence  of  water  and  oxygen 
reacts  on  a  fresh  portion  of  lead  : — 

Pb2(C2H302)  +   Pb    +    0    +   H2O   =  PbO,Pb2(C2H302)H20, 
Normal  lead     +   Lead  +  Oxygea  +  Water    =  Basic  lead  acetate, 

acetate 

This  ba,sic  lead  acetate,  if  again  acted  on  by  carbonic  acid,  is  con- 
verted into  the  basic  carbonate.  Thus,  after  some  weeks,  the  lead 
is  almost  entirely  changed  into  carbonate.  The  weak  vinegar 
supplies  the  water  and  the  acetic  acid,  and  the  putrefying  organic 
matter  (the  tan  or  dung,  whichever  be  used)  the  carbonic  anhydride 
and  the  necessary  warmth  to  volatilize  the  acetic  acid.  lOOlbs.  of 
acetic  acid  serves  to  convert  50  tons  of  lead  into  white  lead.  The 
carbonate  thus  prepared  (but  which  always  contains  more  or  less  lead 
oxide)  is  then  ground  and  levigated,  an  operation  which  in  the  case  of 
the  dry  material,  acts  very  deleteriously  on  the  workpeople. 

(B.)  Thenard's  Process.— This  consists  in  first  boiUng  together 
litharge  and  acetic  acid,  and  afterwards  decomposing  the  tribasic 
acetate  formed  with  a  current  of  carbonic  anhydride.  The  product  is 
said  to  be  inferior  as  a  pigment  to  that  prepared  by  the  Dutch  process. 

(C.)  Milner's  Process.— A  mixture  of  caustic  soda  and  lead  oxy- 
chloride  is  formed  by  grinding  together  litharge,  common  salt,  and 
water.  Carbonic  anhydride  is  passed  into  this  mixture  until  it  ex- 
hibits a  neutral  reaction. 

Properties. ~Lqb.A  carbonate  is  practically  insoluble  in  water  (1  in 
50,000),  unless  the  water  be  charged  with  carbonic  acid.  Heat  de- 
composes it  into  CO2  and  PbO.    Acids  dissolve  it,  with  effervescence. 

In  common  with  all  lead  salts,  lead  carbonate  is  blackened  by  a 
mere  trace  of  sulphuretted  hydrogen.  The  blackening,  however,  dis- 
appears on  prolonged  exposure  to  light  and  air,  the  black  plumbic 
sulphide  becoming  converted  into  white  plumbic  sulphate. 

Plumbic  phosphates  (p.  165),  arsenate,  chromate  (p.  416),  and  bo- 
rate  are  also  known.    No  definite  silicate  has  been  described. 

Reactions  op  Lead  Compounds. 

Excepting  the  nitrate  and  acetate,  lead  salts  are  almost  insoluble  in 
water. 

In  solution  : — 

(1.)  Hydrochloric  acid  ;  a  white  ppt.  (PbClg),  soluble  in  boiling  water. 

(2.)  Dilute  sulphuric  acid;  a  white  ppt.  (PbS04). 

(3.)  Caustic  alkalies  ;  a  white  ppt.  (PbH^O^),  soluble  in  excess. 

(,4.)  Alkaline  carbonates  ;  a  white  ppt.  (PbCOg). 

(5.)  Potassium  iodide  ;  a  yellow  ppt.  (Pblj). 

(6.)  Potassium  chromate;  a  yellow  ppt.  (PbOr04). 

(7.)  Ammonium  sulphide  or  sulphuretted  hydrogen ;  a  black  ppt.  (PbS). 

[Note.— If  a  large  quantity  of  HCl  be  added  to  the  solution,  a  yel- 


M  M 


530 


HANDBOOK  OF  MODERN  CHEMISTUY. 


lowish  precipitate  may  present  itself  for  a  few  seconds  after  the 
passage  of  the  sulphuretted  hydrogen  has  been  started.  This  pro- 
bably consists  of  some  variety  of  sulphide  in  combination  with  a 
chloride  (a  chlorosulphide)  PbClojSPbS  (?).] 

8.  Blowpipe  on  charcoal.  A  malleable  globule  (which  marks  paper), 
together  with  a  yellow  incrustation  of  oxide. 


SILVER  {Argentum)  (Ag). 

Atomic  weight,  108.    Molecular  weight  {probable),  216.    Specific  heat, 
0-056.    Specific  gravity,  10"57.   Fuses  at  1904°  F.  (1040°  C.)  Ato- 
micity, monad  (AgCl ;  AgoO). 
History. — Silver  was  known  to  the  ancients  (  )  =  Luna). 
Natural  History.  —  Silver  is  found  in  a  free  state.    It  also  occurs 
as  a  sulphide,  "silver  glance"  (AgoS);   as  a  chloride  (kerargyrite, 
"  horn-silver  ")  (AgCl) ;  and  as  a  carbonate.    Also  as  a  compound  of 
bromide  and  chloride  ("embolite")  (2AgBr,3AgCl);  and  as  a  sulphanti- 
monite  (pyrargyrite,  "  dark-red  silver  ore  ")  (AggSbS.,).    It  is  present 
in  small  quantities  (2  or  3  ozs.  per  ton)  in  galena  (PbS).    A  minute 
trace  occurs  in  sea-water  and  in  some  sea-weeds.    The  burnt  pyrites 
used  in  the  manufacture  of  sulphuric  acid  often  contains  about  ^  oz. 
of  silver  to  the  ton. 

Extraction.— (1-)  Cupellation  Process  of  Pattinson. — From  argenti- 
ferous lead  {see  p.  521). 

(2.)  Amalgamation  Process.— The  powdered  ore  (generally  a  sulphide) 
is  first  roasted  with  sodium  chloride,  whereby  a  silver  chloride  is 
formed.  The  mass  is  then  agitated  in  revolving  casks  with  water  into 
which  mercury  and  scraps  of  iron  have  been  placed.  The  iron  reduces 
the  silver  to  the  metallic  state,  whilst  the  mercury  dissolves  the  re- 
duced silver  (Fe 2 AgCl  =  FeCle -f-  Ag^).  The  amalgam  thus  formed 
is  then  distilled,  when  the  mercury  passes  over,  leaving  the  silver  in 
the  retort. 

In  this  process  a  film  of  mercuric  sulphide  separates  the  globules  of 
mercury,  and  renders  them  liable  to  be  lost  in  washing  (flouring  or 
sickening) .  To  remedy  this  about  2  per  cent,  of  sodium  is  added  to 
the  mercury,  in  order  that  sodium  sulphide  may  be  formed. 

In  Mexico  the  finely-powdered  ore,  made  into  a  mud  with  water,  is 
mixed  with  common  salt,  to  which  are  added  about  1  per  cent,  of 
magistral  (mixed  iron  and  copper  sulphates  obtained  by  roasting 
copper  pyrites)  and  a  quantity  of  mercury.  After  about  six  weeks' 
incorporation  (commonly  efEected  by  the  treading  of  mules),  the  amal- 
gam is  separated  by  washing,  and  is  then  distilled. 

Wet  Processes.— {I.)  (Ziervogel's.)  Argentiferous  copper  pyrites 
is  first  heated  at  a  regulated  temperature,  so  as  to  decompose  the 
sulphates  of  iron  and  copper  formed,  the  argentic  sulphate  remammg 
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undecomposed.  The  mass  thus  formed  is  lixiviated  with  boiling 
water,  and  the  silver  precipitated  from  the  solution  by  metallic  copper. 

(2.)  (Von  Patera's.)  By  first  roasting  the  ore  with  sodic  chloride 
and  afterwards  dissolving  out  the  AgCl  with  sodic  thiosulphate. 
From  this  solution  the  silver  may  be  precipitated  with  sodic  sulphide, 
the  argentic  sulphide  formed  being  reduced  by  heat  in  a  current  of  air. 

Preparation  of  pure  Silver. — Dissolve  the  impure  metal  in  nitric  acid. 
Precipitate  the  silver  as  AgCl,  with  hydrochloric  acid.  Collect,  wash, 
dry,  and  fuse  the  precipitated  chloride  with  anhydrous  sodic  carbonate 
in  an  earthen  crucible. 

Properties. — (a.)  Physical.  A  white  metal,  with  high  lustre,  very 
malleable  and  ductile,  and  the  best  conductor  of  heat  and  electricitv 
known.  It  may  be  crystallized  (regular  octahedra).  Sp.  gr.  10-57. 
It  is  harder  than  gold,  but  not  so  hard  as  copper.  Very  thin  leaves 
are  said  to  transmit  a  bluish-green  light. 

It  fuses  at  1904°  F.  (1040°  C),  expanding  greatly  on  cooling  at  the 
moment  of  solidification.    Distils  at  a  white  heat. 

(/3.)  Chemical.  Silver  is  unacted  upon  at  any  temperature  either  by 
moisture  or  by  air  (Ozone  probably  oxidizes  it).  When  melted,  how- 
ever, in  air,  it  absorbs  mechanically  more  than  22  times  its  bulk  of 
oxygen,  disengaging  it  again  on  solidification.  (This  accounts  for  what 
is  known  as  the  ''spitting''  of  the  globule.)  This  absorption  of  oxygen 
may  be  prevented  by  the  admixture  of  1  or  2  per  cent,  of  copper  with 
the  silver. 

Action  of  Acids.— Rot  sulphuric  and  dilute  nitric  acids  dissolve 
silver.  With  the  former,  AgsSO^  is  formed,  and  sulphurous  anhydride 
(SOg)  evolved  ;  and  with  the  latter,  AgNOs  is  formed,  and  nitric 
oxide  (NO)  evolved.  Hydrochloric  acid  is  decomposed  by  red-hot 
silver,  hydrogen  and  argentic  chloride  being  formed.  Strong  aqueous 
hydriodic  acid  dissolves  it,  evolving  hydrogen  and  depositing  crystals 
of  (AgI,HI),  which  ultimately,  on  exposure  to  air,  yield  argentic 
iodide  (Agl), 

Silver  is  unaffected  by  the  alkalies  ;  hence  in  the  laboratory  silver 
vessels  can  be  used  where  platinum  and  glass  are  inadmissible  It 
combines  with  the  haloids.  If  NaCl  be  fused  in,  or  even  kept  for  a 
lengthened  period  in  contact  with  a  silver  dish,  AgCl  and  NaHO  will 
be  formed.  The  metal  when  fused  unites  with  phosphorus.  Exposed 
to  air,  it  rapidly  blackens,  Ag^S  being  formed  by  the  action  upon  it 
of  the  sulphuretted  hydrogen  present  in  the  atmosphere.  Pure  H.S 
however,  has  no  action  upon  silver.  ' 

Uses.— For  coinage  and  plate  (925Ag  and  75Cu=  1000  English 
standard  silver).  ''Frosted  silver"  is  produced  by  heating  silver  in 
air,  and  then  immersing  it  in  dilute  sulphuric  acid.  "Oxidized 
silver  '  IS  produced  by  dipping  the  metal  in  the  solution  obtained  on 
boiling  together  sulphur  and  potash,  whereby  the  silver  becomes 
covered  with  a  very  thin  film  of  sulphide.  Electro-plating  is  performed 
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by  depositing  silver  on  some  baser  metal  by  electrical  agency.  The 
article  to  be  silvered  is  made  the  negative,  and  a  plate  of  silver  the 
positive  electrode,  a  solution  of  argentic  cyanide  in  an  excess  of 
potassic  cyanide  being  the  liquid  (electrolyte)  employed.  The  strength 
of  the  solution  is  maintained  and  rendered  constant  by  the  cyanogen, 
liberated  at  the  positive  electrode,  combining  with  the  silver  of  which 
the  positive  electrode  is  composed. 

In  silvering  mirrors,  the  surface  of  the  plate  to  be  silvered  is  first 
immersed  in  a  solution  containing  milk-sugar  (or  other  organic  re- 
ducing agent)  and  then  in  an  ammoniacal  solution  of  silver.  A  bright 
silver  film  is  thus  deposited  on  the  glass.  In  ordinary  mirrors  this 
silver  film  is  deposited  on  the  back  of  the  glass,  whilst  in  telescopic 
mirrors  the  deposit  is  thrown  down  on  the  front  surface,  thus  avoid- 
ing the  passage  of  the  light  before  reflection  through  the  substance 
of  the  glass  itself. 


Compounds  of  Silver  (Ag  =  108). 


COMPOUNDS. 

Formulae 
(Common) . 

Molecular 
Weight. 

Specific 
Gravity. 

Ag  per 
cent. 

1 

2 
3 

4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 

2  I  Argentous  oxide 

^1  peroxide 

o  g  j  Argentous  chloride   . . 
;5  .'2  J  Argentic  chloride 

„  bromide 

fluoride 

cyanide 

sulphide 

sulphate 
, ,  hyposulphate 
, ,  thiosulphate 

dithionate  .. 

sodic  thiosulphate 

sulphite 
„  ai'senate 

„  chlorate 
bromate 

periodate 
, ,  arsenite 

sulpharsenite 
sulphantimonite 
, ,     carbonate   . . 
.  /        „     phosphate  . . 
i  S  j        J,     pyrophosphate  . . 
1        >>  metaphosphos- 
p<  (  phate 

Ag,0 

Ag,0 
AgjOj 

Ag.Cl 
AgCl 

AgBr 

Agl 

AgF 

AgCy 

Ag.S 
Ag.SO, 
Ag.S.Oe  (?) 

AgaSjO, 
Ag.S.Oe-H.O 
NaAgSj032H20 
AgSO, 
AgAsO, 
AgN03 
AgNOj 
AgClO, 
AgBrOa 

AglOa 

Agio, 
AgA803 
AgAsSg 
AgSbSj 

Ag.COg 

AgsPO, 
AgPOj 

448-0 
232-0 
248-0 

143-5 

188-0 
235-0 
127-0 
134-0 
248-0 
312-0 

170-0 
154-0 

276-0 
419-0 

7-2 
5-47 

5-  55 

6-  35 
5-5 

7-  2 
5-32 

4-  33 

7-32 

5-  30 

93-1 

75-26 

57-45 
46-96 

87-1. 
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Compounds  of  Silver  and  Oxygen, 

1.  Argentous  oxide   Ag^O. 

2.  Argentic  oxide  AggO. 

3.  Argentic  peroxide   AggOg. 

(1.)  Argentous  Oxide;  Suboxide  and  Quadrantoxide  of  Silver  (Ag^O). 

Preparation.— By  heating  argentic  citrate  to  212°  F.  (100°  C.)  in  a 
current  of  hydrogen.  The  residue,  which  contains  argentous  citrate,' 
IS  then  dissolved  in  water,  and  the  argentous  oxide  precipitated  from 
the  solution  by  potassic  hydrate. 

Properties.— A  black  powder,  easily  decomposed  by  heat  and  by 
oxy-acids,  a  silver  salt  of  the  acid  being  formed  and  metallic  silver 
set  free.  It  is  soluble  in  ammonia.  It  is  also  soluble  in  hydrogen 
acids,  the  corresponding  haloid  or  other  compound  being  formed, 

(2.)  Argentic  Oxide  ;  Protoxide  or  Monoxide  of  Silver  (AggO), 
Preparation.— {I.)  By  heating  to  140°  F.  (60°  C),  the  brown  hy- 

drated  oxide  (AgHO)  (produced  when  potassic  hydrate  is  added  to 

a  solution  of  a  silver  salt), 

_  (2.)  By  boiling  freshly  precipitated  silver  chloride  in  a  strong  solu- 
tion of  caustic  potash. 

Properties.  — {a.)  Physical.  A  brown  substance,  completely  decom- 
posed^at  482°  F.  (250°  C),  and  partially  decomposed  by  sunlight.  Sp. 

(/3.)  Chemical.  Dry  argentic  oxide  is  a  powerful  oxidising  agent, 
mflaming  sulphur,  phosphorus,  etc.,  when  mixed  with  them.  It  is 
also  a  powerful  base,  the  salts  formed  being  isomorphous  with  the 
alkalme  salts.  Its  solution  in  water  (1  part  in  3,000  of  water)  is 
feebly  alkaline.  It  is  insoluble  in  solutions  of  sodic  or  of  potassic 
hydrates.  The  freshly  precipitated  oxide  dissolves  readily  in  am- 
moma,  the  solution  slowly  depositing  crystals  of  the  explosive  com- 
pound known  as  ''fulminating  silver"  (NHgAg  ?).  The  oxide  forms 
a  yeUow  glass  with  the  fusible  silicates. 

(3.)  Argentic  Peroxide ;  Silver  dioxide  (AggOg). 

This  energetic  oxidising  agent  is  formed  by  the  action  of  ozone 
on  finely  divided  silver.  It  is  deposited  in  small  grey  crystals  (octa- 
hedra)  on  the  positive  pole,  when  a  voltaic  current  is  passed  through 
a  solution  of  argentic  nitrate.  It  is  decomposed  at  212°  F.  (100°  C). 
When  acted  upon  by  chlorine,  or  by  nitric  and  sulphuric  acids,  oxygen 
18  set  free,  corresponding  silver  compounds  being  formed.  From 
hydrochloric  acid,  it  liberates  chlorine.  It  is  a  powerful  oxidizer, 
finng  HgS— undergoing  reduction  when  heated  in  hydrogen,  etc.  It 
both  decomposes,  and  is  decomposed  by  ammonia,  nitrogen  being 
evolved.  Mutual  reduction  occurs  when  silver  peroxide  is  acted  upon 
with  peroxide  of  hydrogen  (2Agg02  +  2H202  =  2Ag2  +  2H20  +  302). 
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Compounds  op  Silver  and  Chlorine. 

4.  Argentous  chloride      ...        ...        ...  AggCl. 

5.  Argentic  chloride         ...        ...        ...  AgCl. 

(4.)  Argentous  Chloride;  Subchloride  of  silver  (AggCl). 

Preparation. — (1.)  By  precipitating  a  solution  of  argentous  citrate 
with  sodium  chloride. 

(2.)  By  the  action  of  ferric  chloride  on  metallic  silver  (2Ag2  + 
Fe^Ck  =  2Ag2Cl  +  2FeCl2). 

(3.)  By  the  action  of  hydrochloric  acid  on  argentous  oxide. 

Properties. — A  black  substance  insoluble  in  nitric  acid.  By  the 
action  upon  argentous  chloride  of  heat,  or  of  ammonia,  or  of  nitric 
acid,  it  is  converted  into  argentic  chloride,  silver  being  set  free. 

(5.)  Argentic  Chloride  (AgCl).-[iifoZ.  Wt.,  143-5  ;  Sp.  Gr.,  5-5.] 

Natural  History. — Silver  chloride  is  found  native  both  in  cubical 
crystals  and  as  a  compact  semi-transparent  mass  called  "horn- 
silver"  (kerargyrite).  It  is  found  associated  with  argentic  bromide 
in  "  embolite." 

Preparation. — By  adding  hydrochloric  acid,  or  a  soluble  chloride, 
to  a  soluble  silver  salt. 

Properties. — A  white  substance,  becoming  violet  on  exposure  to 
light,  AgoCl  and  a  minute  trace  of  free  chlorine  being  formed.  This 
change  of  color  is  not  well  understood.  The  decomposition  is  slow 
if  the  chloride  be  very  pure,  but  more  rapid  if  organic  matter  be 
present.  Sp.  gr.,  5-5.  It  melts  at  500°  F.  (260°  C.)  becoming  a 
clear  yellow  liquid,  Avhich  solidifies  to  a  horny  mass  on  cooling.  It 
is  slightly  volatile,  but  does  not  decompose  at  a  high  temperature. 
It  is  insoluble  in  nitric  acid,  but  is  soluble  in  boiling  concentrated 
hydrochloric  acid  (1  in  200),  from  which  solution  it  may  be  pre- 
cipitated by  dilution  with  water.  It  is  also  soluble  in  solutions 
of  the  alkaline  and  earthy  chlorides,  forming  with  them  double 
salts.  Ammonia  dissolves  it  freely,  depositing  crystals  of  the  chloride 
on  evaporation.  Cold  solutions  of  potassic  or  sodic  hydrates  do  not 
act  upon  it,  but  when  concentrated  alkaline  solutions  are  boiled  with 
argentic  chloride,  an  alkaline  chloride  is  formed,  and  argentic  oxide 
precipitated.  The  oxide  is  reduced  when  heated  with  glucose.  The 
dry  chloride  absorbs  ammonia,  forming  the  compound  2AgCl,3NH3. 
This  body  evolves  the  ammonia  at  100-4°  F.  (38°  C).  The  chloride  is 
soluble  in  solutions  of  the  thiosulphates,  also  in  solutions  of  the  soluble 
sulphites  and  chlorides,  in  a  saturated  solution  of  mercuric  nitrate,  and 
a  solution  of  potassic  cyanide.  When  digested  in  a  solution  of  potassic 
bromide  or  iodide,  argentic  bromide  or  iodide  are  formed,  potassic 
chloride  remaining  in  solution.  Hydrobromic  acid  at  ordinary  tem- 
peratures converts   silver  chloride  into  a  bromide,  hydriodic  acid 
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converting  both  the  chloride  and  bromide  into  an  iodide  ;  but  at 
1292°  F.  (700°  C.)  hydrochloric  acid  gas  converts  both  bromide  and 
iodide  of  silver  into  the  chloride.  Silver  chloride  is  not  reduced 
when  heated  with  carbon  ;  but  it  is  reduced  either  : — (1.)  When 
heated  in  a  current  of  hydrogen  (2AgCl4-H2  =  Agg  +  SHCl)  ;  or,  (2,) 
when  ignited  with  an  alkaline  carbonate  (4AgCl  +  2Na2C03  =  4NaCl 
+  2C02  +  02  +  2Agg) ;  or,  (3,)  when  brought  into  contact  with  easily 
oxidizable  metals  {e.g.,  Zn,  Fe,  etc.). 

Argentic  chloride  is  largely  used  in  photography. 

(6  and  7.)  Argentic  Bromide  (AgBr=i88)  and  Argentic  Iodide 

(Agl=235).    Both  compounds  are  found  native. 

Preparation. — By  adding  potassic  bromide,  or  potassic  iodide,  to  a 
solution  of  argentic  nitrate. 

Properties. — Both  salts  have  a  yellow  color.  They  are  insoluble  in 
acids.  The  bromide  is  somewhat  insoluble,  and  the  iodide  almost  com- 
pletely insoluble  in  ammonia,  but  both  bromide  and  iodide  are  freely 
soluble  in  a  solution  of  sodium  thiosulphate. 

The  iodide  fuses  at  a  red  heat.  The  Sp.  gr.  of  the  crystalHzed 
iodide  is  5-5,  and  of  the  precipitated  iodide,  5-8.  It  is  said  that 
between  —10°  and  +70°  C,  the  iodide  contracts  by  heat  and  expands 
on  the  application  of  cold  (Fizeau). 

Argentic  iodide  is  soluble  in  a  strong  solution  of  potassic  iodide, 
depositing  crystals  of  AgI,HI,  '  It  also  dissolves  in  a  boiling  solution 
of  argentic  nitrate,  depositing  crystals  of  (AgI,Ag]S'03)  which  are  more 
sensitive  to  light  than  the  simple  iodide.  It  would  appear,  however, 
that  the  property  of  blackening  on  exposure  to  light  does  not  occur 
with  the  pure  iodide,  but  is  dependent  on  the  presence  of  foreign  sub- 
stances capable  of  combining  with  the  liberated  iodine.  Its  use  in 
photography  depends  on  the  circumstance  that  a  slight  exposure  to 
light  renders  the  compound  specially  active,  so  that  if  in  that  condition 
it  be  acted  upon  with  a  silver  salt  and  some  reducing  substance  (like 
pyrogallic  acid),  finely  divided  silver  is  precipitated  upon  its  surface 
(developing). 

The  dry  iodide  absorbs  ammonia,  forming  (2AgI,NH3).  The  dry 
bromide  does  not  act  in  the  same  manner  as  the  iodide  in  this  respect, 
although  it  forms  a  compound  with  ammonia  when  in  solution.  The 
ammonia  being  disengaged  from  the  iodide  compound  by  heat,  this  body 
may  be  conveniently  employed  for  preparing  liquid  ammonia  in  a 
Faraday  tube. 

Bromide  and  chloride  of  silver  are  converted  into  the  iodide  by 
hydriodic  acid  or  by  an  aqueous  solution  of  an  iodide,  the  dry  bromide 
or  iodide  undergoing  conversion  into  the  chloride  by  the  action  of 
chlorine  or  of  hydrochloric  acid  gas  at  a  temperature  above  1292°  F. 
(700°  C). 

(8.)  Argentic  Fluoride  (AgF  =  127)  is  prepared  by  dissolving 
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silver  oxide  or  carbonate  in  hydrofluoric  acid.  When  fused  it  conducts 
electricity,  and  is  not,  therefore,  decomposed  by  an  electric  current. 
The  dry  fluoride  absorbs  more  than  800  times  its  volume  of  ammonia. 

Compound  of  Silver  and  Sulphur. 
(9.)  Argentic  Sulphide  (AggS).  [Mol.  Wt,  248;  Sp.  Gr.,  7-2.] 

Natural  History. — The  sulphide  is  found  native,  both  in  a  massive 
and  crystalline  form  as  "  silver  glance  "  (argentite).  It  also  occurs 
combined  with  the  sulphides  of  antimony  and  arsenic  as  "  dark  "  and 
"light-red  silver  ores." 

Preparation. — (1.)  By  passing  sulphuretted  hydrogen  through  a 
solution  of  a  salt  of  silver,  or  by  allowing  the  gas  to  come  into  contact 
with  metallic  silver. 

(2.)  By  heating  the  metal  with  sulphur  in  a  covered  crucible. 

Properties. — (a.)  Physical.  It  is  a  soft,  dark -colored,  fusible  body, 
conducting  electricity  when  hot,  but  not  when  cold.  It  fuses  by 
heat  if  air  be  excluded,  but  in  the  presence  of  air  a  silver  sulphate  is 
first  formed  which  is  itself  decomposed  when  more  strongly  heated. 
It  is  insoluble  in  water. 

(/S.)  Chemical.  Boiling  sulphuric  acid  forms  with  it  argentic  sul- 
phate, sulphurous  anhydride  being  set  free.  Boiling  hydrochloric 
acid  forms  argentic  chloride,  sulphuretted  hydrogen  being  set  free. 
Nitric  acid  forms  with  it  a  yellow  body,  having  the  formula 
(AggSjAgNOs).  The  alkalies  decompose  it  on  the  application  of 
heat.  It  is  not  soluble  in  solutions  of  the  alkaline  sulphides.  It  is 
decomposed  by  cupric  chloride  (argentic  chloride  being  formed) ; 
also  by  ignition  with  many  of  the  metals,  such  as  Cu,  Pb,  Fe,  etc. 

OXT-SALTS  OF  SiLVER. 

(10.)  Argentic  Sulphate  (Ag^SO^).  \_Moi.  Wt.,  312;  Sp.  Gr.,  5-32.] 

Preparation. — (1.)  By  boiling  together  silver  and  sulphuric  acid. 
The  salt  may  be  precipitated  from  this  solution  by  the  addition  of 
water. 

(2.)  By  precipitating  a  strong  solution  of  the  nitrate  with  sulphuric 
acid. 

Properties. — A  crystalline  body,  somewhat  insoluble  in  water  (1  in 
200  aq.  at  60°  F.  ;  1  in  88  aq.  at  212°  F.).  Fuses  at  a  red  heat 
without  decomposition,  but  at  a  higher  temperature  breaks  up  into 
silver,  oxygen,  sulphurous  and  sulphuric  anhydrides. 

An  acid  silver  sulphate  (AgHSOi)  has  been  prepared. 

(11.)  Argentic  'S^iimiQ— Nitrate  of  silver lunar  caustic  (Agl^O  3). 
[^Molecular  weight,  170  ;  Sp.  Gr.,  4*33. ] 

Preparation. — By  dissolving  the  metal  in  nitric  acid,  and  either  crys- 
tallising or  evaporating  the  solution  to  dryness. 
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Properties. — A  colorless  crystalline  salt  (tabular  rhombs).  The 
pure  salt  is  unacted  upon  by  light,  but  is  blackened  in  the  presence 
of  organic  matter.  It  is  soluble  in  water,  the  solution  being  neutral 
(1  in  1  at  60°  F. ;  2  in  1  at  212°  F.).  It  is  also  soluble  in  boiling 
alcohol  (1  in  4).  It  is  insoluble  in  nitric  acid.  A  concentrated  solu- 
tion of  the  nitrate  absorbs  ammonia  (AgN03,2NH3)  and  dissolves  the 
haloid  silver  salts,  forming  various  compounds  (as  (AgNOsjAgCl)) 
which  are  decomposed  on  the  addition  of  an  excess  of  water.  It 
fuses  at  392°  F.  (200°  C),  the  solidified  nitrate,  when  cast  into  sticks, 
forming  what  is  called  "  lunar  caustic."  At  higher  temperatures  the 
salt  undergoes  decomposition. 

Silver  nitrate  is  used  in  surgery  as  an  escharotic.  Its  action  depends 
on  the  readiness  with  which  it  parts  with  its  oxygen,  the  oxygen 
combining  with  the  organic  matter  and  the  silver  being  precipitated. 
The  pure  salt  undergoes  no  alteration  by  exposure  to  light,  the 
change  of  color  usually  observed  depending  on  the  presence  of  organic 
bodies.  To  this  is  due  the  blackening  of  the  skin  when  "lunar 
caustic  "  is  applied  to  it.  Thus  the  salt  is  used  in  photography,  for 
hair-dyes,  for  indelible  marking  inks,  etc.  In  the  case  of  marking 
inks,  either  the  fabric  is  first  mordanted  with  sodic  carbonate,  and  then 
written  upon  with  an  argentic  nitrate  solution,  whereby  an  argentic 
carbonate  is  precipitated  (a  salt  easily  blackened),  or  the  fabric  is 
written  upon  without  preparation  with  a  solution  of  argentic  nitrate 
containing  an  excess  of  ammonia,  which  combines  with  the  nitric 
acid  of  the  silver  salt. 

Reactions  op  Silver  Salts. 

Spectrum.  — No  flame  spectrum.  Spark  spectrum  gives  two  bright 
lines  in  the  green. 

Caustic  alkalies  or  ammonia. — A  brown  ppt.  of  AggO.  (In  the  case 
of  ammonia,  the  precipitate  is  soluble  in  excess.) 

Sulphuretted  hydrogen.— A  black  ppt.  of  AggS  ;  soluble  in  hot 
HNO3  ;  insoluble  in  ammonium  sulphide. 

Hydrochloric  acid  or  a  Soluble  chloride.— P-pt.  of  AgCl  ;  freely  soluble 
in  ammonia. 

Hydracids. — Ppt.  of  the  haloid  or  a,llied  compound. 

Hydrocyanic  acid  and  Potassic  cyanide. — Ppt,  of  AgCy,  soluble  in 
excess  of  KCy.  [If  the-AgCy  be  ignited,  metallic  silver  only  re- 
mains in  the  deposit.] 

Sulphurous  acid;  Ferrous  sulphate,  etc.  ;  Oxidizable  metals  (as  Cu, 
etc.). — Ppt,  of  metallic  silver  from  solutions  of  silver  salts. 

Blowpipe. — The  insoluble  silver  compounds  heated  on  charcoal  with 
sodium  carbonate  leave  metallic  silver. 
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MERCURY  (QuicksHver)  (Hg  =  200). 

Atomic  and  molecular  weight  200  (p.  39).  Molecular  and  atomic  volume, 
I  |.  Specijic  gravity  of  solid  metal  at  —  37*9°  F,  (  —  38-8°  C), 
14-0;  of  liquid  metal  at  60°  F.  (15-5°  C),  13-56;  of  vapor,  6-97. 
Fuses  at  -37-9°  F.  (-38  8°  C.)  Boils  at  675°  F.  (357-2°  C). 
Sp)ecific  heat,  0-0319.  Atomicity;  dyad  in  mercuric  compounds 
(Hg^Clo),  and  pseudo-monad  in  mercurovs  compounds  ('Hg'Hg'Cla). 

History. — Known  to  the  ancients  (hydrargyrum  ;  argentum  vivum). 

Natural  History. — It  is  found  native,  but  occurs  chiefly  as  a  sul- 
phide, "cinnabar"  (HgS).  It  is  also  found  as  a  chloride  (calomel) 
(HggClg)  and  as  an  iodide ;  also  as  an  amalgam  with  gold  and  silver. 

Extraction. — (l.)  Process  adopted  at  Almaden,  in  Sjyain.    The  ore 
(HgS)  is  roasted  in  a  current  of  air,  and  the  mercury  condensed  either 
in   stone  chambers  or  stoneware   bottles   (aludels).     Any  metallic 
vapours  that  escape  are  afterwards  recovered  by  passing  them  through  Jj 
a  tower  into  which  a  shower  of  water  plays.    The  sulphurous  acid,  | 
evolved  during  the  process,  is  allowed  to  escape  into  the  air.  ' 

(2.)  Process  adopted  in  the  Palatinate. — The  ore  (HgS)  is  distilled 
with  lime.    The  mercury  is  collected  as  it  passes  over,  the  sulphur 
remaining  in  the  retort  in  the  form  of  calcium  sulphide  and  sulphate  j 
(4HgS  +  4CaO  =  3CaS  +  CaS04+2Hg2).    (Scraps  of  iron  (smithy-  1 
scales)  may  be  used  instead  of  lime,  when  ferrous  sulphide  would  ] 
remain  in  the  retort.)  j 

Imjmrities.—Chie^y  tin  and  lead.    The  metal  is  first  filtered  through  I 
linen  to  free  ib  from  earthy  matters,  and  afterwards  purified  by  distil- 
lation.   Agitating  the  metal  with  dilute  nitric  acid  is  also  an  effectual  j 
method  of  effecting  further  purification,  ■ 

Properties. — («•)  Physical.    Mercury  is  a  silvery-white,  lustrous,  ] 
liquid  metal.    It  is  the  only  metal  liquid  at  ordinary  temperatures.  1 
When  pure  it  is  perfectly  mobile,  and  non-adherent  to  glass  ; — ia 
other  words,  it  runs  over  an  inclined  surface  without  leaving  any  tail  j 
or  track  of  oxide  behind.    It  becomes  solid  at —37-9°  F,  (—38-8°  C).  |^ 
contracting  greatly  on  solidification.    The  solid  mercury  has  a  specific  }i 
gravity  of  14*0,    It  crystallizes  in  octahedra,  and  is  very  malleable. 
Above  41°  F.  (5°  C.)  mercury  is  slightly  volatile.    If  a  thin  layer, 
such  as  the  film  of  a  bubble  of  the  metal,  be  examined,  it  will  be  found 
to  transmit  a  blue  light.    The  vapor  of  mercury  (Sp.  gr,,  6-97)  is 
transparent,   conducting  neither  heat  nor  electricity.     At  675°  F, 
(357°  C.)  the  metal  boils. 

[Note. — The  vapor  density  of  mercury  compared  with  air  is  6*7,  and 
as  compared  with  hydrogen  100  ; — that  is,  its  vapor  density  is  one-half 
its  atomic  weight.  Hence  the  mercury  atom  (like  the  cadmium  atom) 
occupies  in  the  state  of  gas  twice  the  volume  occupied  by  the  hydrogen 
atom. — Page  39.] 
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(/3.)  Chemical.    Mercury  is  not  tarnished  (if  pure)  either  by  air  or 
water  at  ordinary  temperatures,  although  it  appears  that,  when  reduced 
ito  a  minute  state  of  subdivision,  e.g.,  by  trituration  with  various 
I  substances  chemically  inert  upon  it,  such  as  chalk  or  grease  [as  in 
■  the  preparation  of  the  hyd.  c.  cret.,  and  pil.  hydrargyri,  etc.,  of  the 
Pharmacopoeia],  the  metal  undergoes  a  partial  oxidation  (HggO),  to 
which  the  active  properties  of  these  medicines  are  probably  due.  This 
I  circumstance  accounts  for  the  varying  medicinal  qualities  of  "  Grey 
;  powder,"  which  at  one  time  may  act  as  a  mild  laxative,  and  at  an- 
I other  as  an  active  poison.     Mercury  undergoes  rapid  oxidation  in 
I  the  presence  of  ozone.     It  freely  absorbs  oxygen  when  heated  to 
;800°  F.  (426°  C),  becoming  the  red  oxide  (HgO).     At  a  dull  red 
'heat  this  oxide  is  decomposed  into  mercury  and  oxygen.    Neither  hot 
or  cold  hydrochloric  acid,  nor  cold  sulphuric  acid  have  any  action 
lupon  it.    When  the  metal  is  heated  with  sulphuric  acid,  sulphurous 
!  anhydride  is  evolved  and  a  mercurous  sulphate  formed  if  the  metal  be 
;  present  in  excess  and  the  heat  employed  be  not  too  great,  a  mercuric 
:  sulphate  being  produced  if  an  excess  of  acid  over  the  metal  be  added. 
With  strong  nitric  acid,  a  mercuric  nitrate  is  formed,  nitric  oxide 
'being  evolved.    By  the  action  of  dilute  nitric  acid  upon  the  metal  a 
I  mercurous  nitrate  results,  a  basic  mercurous  nitrate  being  formed  if 
I  the  mercury  be  in  excess. 

The  metal  combines  at  common  temperatures  with  sulphur,  with  the 
1  haloids,  and  also  with  many  of  the  metals,  forming  with  them  com- 
!  pounds  of  definite  composition.  Iron  and  platinum  are  the  only  metals 
I  not  corroded  by  mercury. 

Amalgams. 
An  amalgam  is  an  alloy  containing  mercury. 

Preparation  of  amalgams. — (1.)  By  the  direct  union  of  mercury  with 
cother  metals,  with  or  without  the  application  of  heat  {Examples, 
.Au,  Ag,  Sn,  Na,  K). 

(2.)  By  the  electrolysis  of  a  metallic  solution,  using  mercury  as  the 
megative  electrode  {Example,  NH4). 

(3.)  By  the  action  of  sodium  amalgam  on  a  metallic  salt  or  on  a 
: metal  {Example,  Fe). 

(4.)  By  the  immersion  of  a  metal  in  the  solution  of  a  mercury  salt 
{{Example,  Cu). 

Properties. — In  some  cases  the  combination  of  a  metal  with  mer- 
veury  occurs  with  the  evolution  of  heat  (Na  ;  K),  whilst  in  other  cases 
«an  absorption  of  heat  (cold)  results  (Sn).  Amalgams  exist  in  various 
estates.  The  amalgam  of  IK  and  96Hg  is  solid,  whilst  that  of  IK 
land  140Hg  is  liquid.  A  30  per  cent,  copper  amalgam  is  very  hard  at 
(ordinary  temperatures,  whilst  at  212°  F.  (100°  C.)  it  becomes  plastic, 
rrecovering  its  hardness  as  the  temperature  is  lowered.  Thus  a  copper 
« amalgam  is  used  in  dentistry  for  stopping  teeth,  its  advantage  for  this 
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purpose  being  that  the  specific  gravity  both  of  .  the  hard  and  of  the 
plastic  variety  is  identical. 

When  sodium  and  potassium  amalgams  are  acted  on  by  water,  hy- 
drogen is  evolved.  Hence  the  use  of  sodium  amalgam  as  a  reducing 
agent.  A  tin  amalgam  is  used  for  silvering  mirrors.  The  formation 
of  a  silver  and  of  a  gold  amalgam  is  taken  advantage  of  in  the  ex- 
traction of  these  metals  from  their  ores  (q.  v.). 


Uses  of  Mercury. — In  medicine,  as  blue  pill,  grey  powder,  etc. 
The  physiological  action  of  the  pure  liquid  metal  is  practically  nil,  but 
many  mercury  compounds  are  active  poisons.  Workmen  exposed  to  the 
action  of  mercury  vapor,  become  afiected  with  mercurial  palsy.  Mer- 
cury is  also  used  as  an  amalgam  with  tin  for  silvering  looking-glasses ; 
also  for  amalgamating  zinc  plates  ;  also  for  the  extraction  of  gold  and 
silver  from  their  ores,  depending  on  the  readiness  with  which  it  forms  an 
amalgam  with  these  metals;  also  for  barometers,  thermometers,  etc. 

Compounds  of  Mercury. 

These  are  of  two  kinds  : — 

(1.)  Mercuric  compounds;  where  the  molecule  contains  one  atom  of 
dyad  mercury  (Hg"0). 

(2.)  Mercurous  compounds;  where  the  molecule  contains  two  atoms 
of  mercury,  which  together  act  as  a  dyad  {pseudo-monad)  (HggO). 

Compounds  of  Mercury  (Hg  =  200). 


'h 
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COMPOUNDS. 


Mercurous  oxide  (black 

oxide)  

Mercuric    oxide  (red 

oxide)   

'  Mercurous  chloride 

!  (calomel)  

J  Mercuric  chloride  (cor- 
'     rosive  sublimate)  . . 
[Bromides,  iodides, 
and  fluorides  analo- 
gous to  chlorides.] 
Mercuric  ammonium 
chloride  (white  pre- 
cipitate)   

Mercurous  iodide 

(green)   

Mercuric  iodide  (red) 
/  Mercurous  sulphide 
\  (Ethiop's  mineral) . , 
I  Mercuric  sulphide 
f  (vermilion  or  cinna- 
\  bar)  


Formulae 
(General). 


Hg,0 
HgO 
Hg,Cl, 
HgCl, 


NH,Hg"Cl 

Hgl, 
Hgl, 

Hg,S 
HgS" 


5  bO 


416 
216 
471 
271 


654 
454 

232 


232 


10-  68 

11-  29 
7-14 
5-42 


CI 
<o 
o 

u 
be 

w 


6-25 

6-28 

8-2 


96-15 
92-59 
84-92 
73-80 


44-06 


86-21 
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COMPOUNDS. 


Mercuric  nitride 

Mercixrous  sulphate  . . 

Mercuric  sulphate 

Basic-mercuric  sul- 
phate (Turpeth 
mineral)  

Mercurous  nitrates  | 

Mercuric  nitrates. .  | 

,,  phosphate  .. 
Mercurous  chlorate  . . 

perchlorate 
hromate  . . 
carhonate 

Mercuric  carbonates  \ 


Formulae 
(General) . 


Hg.SO, 
HgSO^HjO 


HgS04,2HgO 
Hg22N03,2H20 
Hg,HNO, 
Hg2N03,8H20 
Hg2N03,Hg0,2H20 
BgaP.Oe 
HgClOa 
HgC10„3H,0 
HgBrOa 
HgCO 
4HgO,C02 
SHgO.CO^ 


H 

a  bD 
o 


1^ 


496 
296  +  18 


524  -f  36 


ft  S 


6-46 


8-319 


Compounds  op  Mercury  and  Oxygen. 

1.  Mercurous  oxide  (black  oxide)  ...  HggO. 

2.  Mercuric  oxide  (red  oxide)      ...        ...  HgO. 

(1.)  Mercurous  Oxide.  —  Suboxide,  black  or  gre^  oxide  of  mercury 
igoO).    [^Molecular  weight,  416.    Specific  gravity,  10-68.] 

Preparation. — By  decomposing  a  mercurous  compound  (e.g.  calomel) 

ith  potassic  hydrate  (HgaClg  +  KgO  =  HggO -t-2KCl). 

Proj^erties. — A  powerful  base.  It  undergoes  rapid  decomposition 
a  heat  of  212°  F.  (100°  C),  decomposing  slowly  even  by  exposure 
)  light  (2Hg20  =  2HgO  +  Hgg).  Soluble  in  acids,  forming  mercurous 
dts. 

The  efficacy  of  blue  pill,  grey  powder,  etc.,  is  believed  to  be  due  to 
le  presence  of  this  oxide. 

(2-)  Mercuric  Oxide. — Mercury  monoxide;  Red  oxide  or  Nitric  (or 
tro-)  oxide  of  mercury ;  Red  precipitate  (HgO).  [_Molecidar  weight,  216.] 

Preparation. — (1.)  By  heating  mercury  to  800°  F.  (426°  C.)  in  air. 

(2.)  By  gently  heating  a  mixture  of  equal  parts  of  mercury  and 
ercuric  nitrate  until  red  fumes  cease  to  be  evolved.  [Hence  the  name 
trie  oxide  of  mercury.^ 

(The  two  varieties  formed  as  above  are  red  and  crystalline.) 
(3.)  By  mixing  a  solution  of  sodium  hydrate  with  a  solution  of  a 
ercuric  salt. 

(This  variety  is  amorphous,  and  of  a  yellow  color.) 

Properties. — (a.)  Physical.  The  oxide  is  black  when  hot,  and  either 
id  and  crystalline  or  yellow  and  amorphous  when  cold.  The  yellow 
iiriety  has  the  more  active  chemical  affinities.    Sp.  gr.,  11*2.  The 
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oxide  is  decomposed  at  a  dull  red  heat  (HgO=Hg  +  0).  It  is  slightly 
soluble  in  water,  the  solution  having  an  alkaline  reaction  and  a 
metallic  taste. 

(/3.)  Chemical.  The  red  and  yellow  varieties  appear  to  be  allotropic 
modifications  of  the  same  salt : — 

(1.)  The  yellow  variety  is  converted  by  a  cold  solution  of  oxalic 
acid,  into  an  oxalate.  It  is  rapidly  changed  into  an  oxy-chloride  when 
boiled  with  a  solution  of  mercuric  chloride,  and  into  a  basic  mercuric 
chromate  (HgCr04,2HgO)  when  boiled  with  a  solution  of  potassium 
bichromate. 

(2.)  The  red  variety  is  not  acted  upon  by  oxalic  acid.  It  is  very 
slowly  acted  upon  by  a  mercuric  chloride  solution,  and  when  boiled  with 
a  solution  of  potassium  bichromate  forms  the  compound  HgCr04,3HgO. 

It  is  soluble  in  fused  potassic  or  sodic  hydrate,  from  which  solution 
a  crystalline  body  may  be  obtained  (K20,HgO). 

By  the  action  of  concentrated  ammonia  upon  mercuric  oxide,  the 
compound  Hg4N2H202,4H20  (tetra-mercur-ammonic  hydrate)  is  formed. 
This  body,  which  was  first  examined  by  Mellon,  is  a  yellowish 
substance,  easily  decomposed  by  friction,  or  even  by  exposure  to  light. 
Chemically,  it  possesses  strong  basic  properties.  Heated  to  260°  F. 
(126-1°  C),  it  becomes  mer  cur  amine  (Hg4N2H202,H20),  a  dark  brown 
substance,  insoluble  both  in  water  and  alcohol. 

By  passing  ammonia  gas  over  the  yellow  oxide,  and  then  cautiously 
heating  the  residue  to  260° F.  (126'1°C.),  the  brown  explosive  nitride  of 
mercury  (N2Hg"3)  is  formed  (see  p.  310).  By  the  action  of  acids,  this 
body  yields  salts  both  of  mercury  and  ammonium.  It  may  be  regarded 
as  a  double  ammonia  molecule,  where  six  atoms  of  hydrogen  are  dis- 
placed by  three  atoms  of  divalent  mercury. 

Compounds  of  Mercury  and  Chlorine. 

3.  Mercurous  chloride   Hg2Cl2. 

4.  Mercuric  chloride   ...        ...        ...  HgClg. 

5.  Mercur-ammonic  chloride  ...       ...  NH2B[g"Cl. 

(3.)  Mercurous  Chloride.— 'S'wic/iZon'rfe  or  Protochloride  of  mercury ; 
Calomel  (lig^CU).  [Molecular  weight,  471.  Specific  gravity,  solid,  7*14  ; 
of  vapour,  8' 14.] 

Natural  History. — Occurs  in  a  crystalline  form  as  horn-quicksilver. 

Preparation. — (1.)  By  precipitating  a  solution  of  mercurous  nitrate 
with  hydrochloric  acid  or  with  a  soluble  chloride. 

(2.)  (Usual  Process.)  By  subliming  a  mixture  of  corrosive  sublimate 
(17  parts)  and  mercury  (13  parts)  (HgCL  +  Hg  =  HgsClo).  [The 
heat  is  ordinarily  applied  in  cast-iron  receivers,  and  the  calomel  formed 
condensed  in  brick  chambers.  The  product  requires  thorough  washing 
to  remove  any  HgCl2.] 

(3.)  By  well  triturating  together  mercuric  sulphate  (2  parts),  mer- 
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ury  (4  parts),  and  sodic  chloride  (3  parts),  and  subsequently  subliming 
he  mixture  (HgS04  +  Hg  +  2NaCl  =  Hg2Cl2  +  Na2S04). 

(4.)  By  passing  sulphurous  anhydride  through  a  saturated  aqueous 
oUition  of  crystalline  mercuric  chloride  heated  to  122°  F.  (50°  C.) 
^I'HgCla  +  2H2O  +  SOo  =  HgjCls  +  2HC1  +  HgSO^) . 

Impurity. — Corrosive  sublimate,  derived  partly  from  the  sublima- 
t  ion  of  any  undecomposed  mercuric  chloride  present,  and  partly  from 
the  decomposition  of  the  calomel  into  mercury  and  mercuric  chloride 
(dissociation).  If  a  little  of  the  calomel  moistened  with  alcohol  be 
heated  on  a  clean  knife-blade,  a  black  spot  will  be  formed  on  the 
l>lade  should  corrosive  sublimate  be  present.  The  calomel  may  be 
purified  from  corrosive  sublimate  by  thorough  washing  with  water. 
Properties. — (a.)  Physical.  A  white,  heavy,  tasteless,  insoluble  com- 

•  pound.  By  the  action  of  light  some  metallic  mercury  separates  from 
it,  rendering  the  calomel  of  a  grey  tint.  Calomel  may  exist  both 
in  an  amorphous  and  crystalline  (four-sided  prisms)  condition.  Sp. 

jgr.  7*1.  It  sublimes  before  fusing.  It  is  insoluble  in  alcohol,  in  cold 
'  dilute  acids,  and  in  water.  By  long-continued  boiling  in  water,  how- 
I  ever,  mercuric  chloride  will  be  formed,  and  mercury  in  fine  subdivision 
j  precipitated. 

The  experimental  vapor  density  of  calomel  (hydrogen  being  1)  is 
119'2.    If  we  allow  HgjCl2  to  be  the  molecule  of  calomel,  occupying 
:  2  vols,  as  a  gas,  its  theoretical  density  is  nearly  double  its  experimental 

I  density  (i.e.,  ^QQ(^Hg)^+'^K^^0-^235'5).    If  we  regard  the  molecule 

:  as  HgCl,  then  the  actual  and  observed  densities  almost  correspond. 
Why,  then,  do  we  not  adopt  HgCl  as  the  formula  for  calomel  ?  For 

•  two  reasons  : — (1.)  On  the  ground  of  the  known  atomicity  of  mer- 

•  cury  ;  and  (2.)  Because  when  mercurous  salts  are  decomposed,  they 
1  invariably  form  mercuric  salts,  free  mercury  being  produced,  thus 
;  favoring  the  notion  that  the  molecule  of  the  mercurous  salt  contains 
:  2  atoms  of  mercury  rather  than  one.  Can  we  then  explain  this  anomalous 
1  vapor  density  of  calomel  ?  It  is  believed  that  at  high  temperatures 
■  the  salt  undergoes  dissociation  (see  Dissociation),  the  2  volumes  of 
1  mercurous  chloride  splitting  up  into  2  volumes  of  mercuric  chloride 
land  2  volumes  of  mercury  (making  in  all  4  volumes  instead  of  2 

•  volumes),  the  mercury  and  mercuric  chloride  re-combining  as  the  tem- 
;  perature  is  lowered.  The  vapor  density  of  mercurous  bromide  is  simi- 
;  ]arly  anomalous. 

(/3.)  Chemical.  Lime  water  or  a  solution  of  sodic  or  of  potassic  hydrate 
>  decomposes  mercurous  chloride,  the  black  mercurous  oxide  being  formed 
(HggClg  +  CaO^HggO  +  CaCl).  (This  constitutes  the  mixture  known 
as  "  black  wash.")  With  aqueous  ammonia,  calomel  forms  the  black 
compound  HggNHgCl  (Hg2Cl2  +  2H3N  =  HggNHgCl  +  NH^Cl),  which 
is  decomposed  by  gaseous  HCl  into  HggClg  and  NH4CI.  When 
gaseous  ammonia  is  allowed  to  act  on  mercurous  chloride  the  com- 
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pound  HgNHsCl  is  formed,  which  evolves  ammonia  when  heated, 
leaving  a  residue  of  mercurous  chloride.  Sulphuric  acid  has  no  action 
upon  mercurous  chloride.  Boiling  nitric  acid  dissolves  it,  forming 
mercuric  nitrate  and  mercuric  chloride.  Boiling  hydrochloric  acid,  and 
solutions  of  sodic  and  ammonic  chloride  also  dissolve  it,  precipitating 
the  metal,  and  forming  mercuric  chloride. 

(4.)  Mercuric  Chloride;  Chloride,  Bichloride  or  Perchloride  of 
Mercury ;  Corrosive  Sublimate  (HgClg). 

\_Molecular  weight,  271.  Relative  weight,  135-5.  Specific  gravity  of 
solid,  5-42  ;  of  vapor,  9-8.] 

Preparation— {I.)  By  heating  mercury  in  the  presence  of  an  excess 
of  chlorine. 

(2.)  By  subliming  a  mixture  of  mercuric  sulphate  and  common  salt. 
[A  trace  of  MuOo  is  often  added  to  oxidize  any  mercurous  salt  that 
might  be  present]  (HgS04  +  2NaCl=Na2S04+ HgCle). 

(3.)  By  dissolving  either  the  metal  in  aqua  regia  or  mercuric  oxide 
in  hydrochloric  acid. 

Properties. — (a.)  Physical.  A  white,  heavy,  crystalline  (octahedral) 
substance,  having  an  acrid  metallic  taste.  Sp.  gr.,  5-4.  It  sublimes 
at  a  low  temperature,  fuses  at  509°  F.  (265°  C.),  and  boils  at  563°  F 
(295°  C),  the  vapors  evolved  being  condensible  and  very  poisonous. 
It  is  freely  soluble  in  water  (1  in  16  at  60°  F.,  1  in  3  at  212°  F.j, 
in  alcohol  (1  in  3  at  60°  F.,  1  in  1  at  212°  F.),  in  ether  (1  in  3),  and 
in  solutions  of  the  alkaline  chlorides.  Ether  dissolves  it  from  its 
aqueous  solution.  It  is  intensely  poisonous,  and  acts  as  a  powerful 
antiseptic. 

(/3.)  Chemical.  A  stable  compound.  The  aqueous  sokition  is  acid  to 
litmus,  and  is  decomposed  by  light  with  the  precipitation  of  calomel. 
It  is  soluble  in  HCl  and  in  H2SO4  without  decomposition.  From  its 
solution  in  the  latter  acid,  it  may  be  sublimed  unchanged.  Alkalies 
decompose  it.  It  forms  double  salts  with  the  alkaline  chlorides,  these 
being  more  soluble  than  mercuric  chloride  itself.  Thus  with  ammonic 
chloride  it  forms  the  double  salt  called  ^' sal  alembroth"  (HgClg, 
2NH4C1,H20). 

Corrosive  sublimate  is  used  in  medicine,  as  an  antiseptic,  etc. 

Mercuric  Oxy-chlorideS. — These  are  formed  by  combinations  of 
mercuric  chloride  with  mercuric  oxide.  Three  of  them  (and  indeed 
more)  have  been  described,  all  being  formed  by  the  action  of  potas- 
sium carbonate  on  mercuric  chloride,  viz.  : — 

(1.)  2HgO,HgClo.    (2.)  3HgO,HgCl2.    (3.)  4HgO,HgCl2. 

No.  1  (2HgO,HgCl2)  is  formed  by  adding  a  cold  saturated  solution 
of  potassium  hydric  carbonate  to  eight  or  ten  times  its  bulk  of  a  cold 
saturated  solution  of  mercuric  chloride  (red  oxychloride). 

No.  2  (SHgOjHgCls)  is  formed  by  mixing  together  equal  volumes 
of  the  saturated  solutions  (yellow  oxychloride). 
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No.  3  (4HgO,HgCl2)  is  formed  by  adding  a  mercuric  chloride  solu- 
tion to  a  large  excess  of  a  liydric  potassium  carbonate  solution. 

We  may  here  remark  that  if  a  mercuric  chloride  solution  be  added 
to  a  solution  of  the  noitnal  sodic  or  potassic  carbonate,  a  yellow  mer- 
curic oxide  is  precipitated ;  but  that  if  it  be  added  to  a  solution  of 
the  hydric  sodic  or  hydric  potassic  carbonate  (bicarbonate),  a  red  oxy- 
chloiide  is  formed. 

(5.)  Mercur-ammonic  Chloride. — Infusible  white  precipitate  {mer- 
curius  precipitatus  albm)  (NH2Hg"Cl). 

Preparation. — By  adding  an  excess  of  a  solution  of  ammonia  to  a 
solution  of  corrosive  sublimate  (HgCl2-|-2NH3=NH2Hg"Cl-f-NH4Cl). 

Constitution. — The  importance  of  this  compound  depends  on  the  fact 
that  it  -was  the  first  recorded  case  where  the  mobility  of  hydrogen 
was  recognised.  White  precipitate  (that  is  the  precipitate  formed 
where  the  ammonia  is  in  excess)  may  be  regarded  as  ammoniimi  chloride 
where  the  dyad  Hg"  has  replaced  two  atoms  of  monad  hydrogen. 
Thus  :— 

NH4Cl=ammow«c  chloride,  and  l^YL2^Q"Cl=white  precipitate. 
If  the  mercuric  chloride  be  in  excess,  the  body  N2H4Hg4Cl6  is  formed. 
This  may  be  regarded  as  a  double  molecule  of  ammonium  chloride, 
in  which  four  of  the  group  (HgCl)'  has  replaced  four  atoms  of 
hydrogen.  •  Thus  : — 

N2H8C12  =  2  of  ammonitm  chloride;  N2H4(HgCl)'4Cl2  =  the  precipitate. 

Properties.— When  white  precipitate  is  boiled  with  water  a  yellow 
powder  is  produced  (Hg4N2Cl2,2H„0).  Thus— 

4NH2Hg"Cl    -f-    2H2O    =    Hg4N2Cl2,2H20   -f-  2NH4CL 
White  precipitate   +     Water      =      YeVLow  precipitate    +  Amnionic  chloride. 

When  white  precipitate  is  boiled  with  potassic  hydrate,  it  forms 
NH3  and  HgO.  Thus— 

NHsHgTl    +    KHO    =    NH3     +    HgO    +  KCl 
White  precipitate  -f-    Potassic     =   Ammonia  +   Mercuric    +  Potassic 
hydrate  oxide  chloride. 

When  white  precipitate  is  heated  to  608°  F.  (220°  C),  a  red  crys- 
talline powder  is  formed  (2HgCl2,Hg3N2).    Thus — 

6NH2Hg"Cl    =    3NH3    +    NH3,HgCl2    +  2HgCl2,Hg3N2. 
White  precipitate  ==    Ammonia  +  +        Red  powder. 

Mercuro-diammonie  dichloride  or  fusible  white  precipitate  (HgClg, 
2NH3)  is  formed  when  a  solution  of  ammonium  chloride  is  boiled 
with  white  precipitate.    Thus — 

NHaHg^'Cl       +        NH4CI       =  HgCl2,2NH3. 
White  precipitate      +  Ammonic  chloride     =    Fusible  white  precipitate. 

White  precipitate  is  used  as  a  poison  for  destroying  vermin. 
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Compounds  of  Mercury  and  Iodine. 

6.  Mercurous  iodide  ...        ...        ...  Hgalg. 

7.  Mercuric  iodide  ...        ...        ...        ...  Hglg. 

(6.)  Mercurous  Iodide  (Hgals);  Green  iodide  of  Mercury. 

Preparation. — (1.)  By  triturating  10  parts  of  mercury  with  7  parts 
of  iodine,  using  a  little  alcohol  to  moisten  the  mass. 

(2.)  By  adding  potassium  iodide  to  a  solution  of  mercurous  nitrate. 

Properties. — A  yellowish-green  powder,  becoming  dark  colored  when 
exposed  to  the  light,  subliming  below  the  temperature  required  for  its 
fusion,  and  fusing  at  554°  F.  (290°  C).  When  sublimed,  it  assumes 
the  form  of  yellow  crystals,  which  when  heated  become  of  a  deep 
red  color,  recovering  their  yellow  tint  on  cooling.  It  is  decomposed 
by  heat  into  Hgig  and  Hg. 

It  is  sparingly  soluble  in  water,  and  insoluble  in  an  aqueous  solu- 
tion of  potassium  iodide. 

(7.)  Mercuric  Iodide. — Biniodide  or  Red  iodide  of  Mercw^  (HgL). 
\_Molecular  iveight,  454.   Relative  weight,  227.  Specific  gravity  of  solid, 
62-5  ;  of  vapor,  15-708.] 
It  occurs  native  as  coccinite. 

Preparation. — (1.)  By  triturating  10  parts  of  iodine  with  13  parts 
of  mercury,  and  subliming  the  mixture. 

(2.)  By  precipitating  a  solution  of  mercuric  chloride  with  potassic 
iodide.  [The  HgIg  is  soluble  in  excess  of  both  salts,  the  solution 
being  colorless.] 

Properties. — (a.)  Physical.  Mercuric  iodide  is  dimorphous.  If  the 
crystals  be  octahedral,  the  color  of  the  salt  is  red  ;  if  they  be  rhom- 
boidal,  it  is  yellow.  The  yellow  variety,  however,  is  not  stable  at 
ordinary  temperatures.  Mercuric  iodide  is  soluble  in  hot  alcohol,  but 
is  insoluble  in  water.  Heated  to  302°  F.  (150°  C.)  the  color  of  the 
compound  changes  from  red  to  yellow,  the  yellow  crystals  after  a 
longer  or  shorter  time  changing  into  the  red  variety  with  the  evolution 
of  heat.  It  fuses  at  392°  F.  (200°  C),  forming  a  yellow  liquid,  which 
volatilizes  at  a  higher  temperature.  The  vapor  has  a  remarkably  high 
specific  gravity  (15"708). 

(/3.)  Chemical.  It  is  soluble  in  the  alkaline  chlorides,  in  neutral  am- 
monium salts,  and  in  hydrochloric  and  hydriodic  acids.  With  potassic 
or  ammonic  iodide  it  forms  double  salts.  Thus  potassic-mercuric 
iodide  (2(KI,Hgl2),3H20)  crystallizes  out  on  cooling  from  a  hot  solu- 
tion of  mercuric  iodide  in  potassic  iodide.  The  iodide  forms  double  salts 
with  mercuric  oxide,  sulphide,  and  chloride,  such  as,  e.g.,  (HgT2,HgCl2) 
and  (Hgl2,2HgCl2). 

The  solution  of  mercuric  iodide  in  a  solution  of  potassic  iodide 
containing  potassic  hydrate,  constitutes  the  "  Nessler  test "  for  am- 
monia.   This   solution  forms,   with  ammonia,  a  brown  precipitate 
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(Hg"2NI,H20),  the  reaction  being  expressed  bj  the  following  equa- 
tion : — 

2HgIj  +  3KH0  +  NH3  =  Hg"2NI,H20  +  SKI  +  2H2O . 

Compounds  of  Mercury  and  Sulphur. 

8.  Mercurous  sulphide    HggS. 

9.  Mercuric  sulphide    HgS. 

(8.)  Mercurous  Sulphide. — Subsulphlde  of  Mercury;  ^thiop's 
mineral  (HggS). 

Preparation. — (1.)  By  passing  sulphuretted  hydrogen  through  a 
solution  of  mercurous  nitrate. 

(2.)  By  acting  on  mercurous  nitrate  or  mercurous  chloride  with 
ammonium  sulphide. 

Properties. — A  black  substance,  easily  decomposed  by  heat  (HgoS  = 
Hg  +  HgS). 

(9.)  Mercuric  Sulphide.  — Cmwaiar  (=the  native  HgS)  ;  Vermilion 
(=finely-powdered  HgS)  (HgS). 

\_Molecular  weight,  232.  Relative  weight,  anomalous,  77'3,  i.e.,  2  volumes 
of  mercury  vapor  +  1  volume  of  sulphur  vapor  form  {not  2  volumes  but) 
3  volumes  of  m^^rcuric  sulphide  vapor;  that  is,  they  unite  without  con- 
idensation.    Molecular  volume,  |    |    (    |.    Specif  c  gravity  of  solid,  8-2  ; 


of  vapor,  5*5.] 

Natural  History. — It  is  found  native  both  in  crystals  (hexahedra) 
I  and  in  masses.    It  constitutes  the  principal  ore  of  mercury. 

Preparation. — (1.)  By  adding  a  solution  of  mercuric  chloride  either 
1  to  a  solution  of  sulphuretted  hydrogen,  or  to  one  of  a  soluble  sulphide 
(black  Tariety  of  HgS). 

(2.)  By  triturating  6  parts  of  mercury  with  1  part  of  sulphur  (Black 
1  variety  of  HgS  or  JEthiop's  mineral). 

(3.)  The  red  form  of  sulphide  is  prepared  from  the  black,  either  by 
£  subliming  the  black  variety  in  vessels  from  which  air  is  excluded,  or 
Iby  the  prolonged  action  upon  the  black  sulphide  of  an  alkaline  sul- 
jphide  containing  an  excess  of  sulphur. 

^  (4.)  By  triturating  300  parts  of  mercury  with  114  of  sulphur,  and 
ddigesting  the  product  with  a  solution  of  potassic  hydrate  at  120°F. 
((48-9°  C.)  (Red  variety  of  HgS). 

Ordinary  commercial  preparation  of  vermilion.— 100  parts  of  mercury 
are  triturated  with  38  parts  of  sulphur  and  a  little  water,  and  then 
Idige^sted  with  a  solution  of  KHO  (16  per  cent.)  at  a  temperature  of 
1122°  F.  (50°  C),  making  up  the  water  as  it  evaporates.  So  soon  as  the 
«olor  is  satisfactory,  the  product  is  thoroughly  washed  to  remove  any 
>potash,  which  has  a  tendency  to  render  the  product  of  a  brown  color. 

[N.B.— On  passing  HgS  through  a  solution  of  a  mercuric  salt,  a 
white  precipitate  is  first  formed.    This  results  from  a  small  quantity 
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of  the  mercuric  sulphide  first  produced  forming  a  double  salt  with  the 
mercuric  salt  in  solution.] 

Properties. — (a.)  Physical.  There  are  two  varieties  of  mercuric  sul- 
phide, viz.,  the  black  and  the  red.  The  black  variety  is  converted 
into  the  red  without  chemical  change.    (See  p.  547.) 

The  red  compound,  when  heated,  air  being  excluded,  sublimes  without 
fusing,  the  sublimate,  in  the  first  instance,  being  of  a  black  color, 
becoming  red  on  cooling.  When  heated  in  the  presence  of  air,  the 
sulphur  of  the  sulphide  burns  oS  (as  SOg),  and  the  metal  is  set  free. 

(/3.)  Chemical. — Mercuric  sulphide  is  unaffected  either  by  acids 
(except  nitro-hydrochloric  and  hydriodic  acids),  or  by  alkalies  unless 
ignited  in  contact  with  them,  in  which  case  the  mercury  sublimes,  an 
alkaline  sulphide  and  sulphate  being  formed — 

4HgS  +  8KHO  =  4Hg  +  K2S04+3K2S  +  4H20. 
The  sulphide  forms  compounds  with  metallic  sulphides  (e.g.,  KaSjHgS, 
SHgO)  and  also  with  other  mercuric  salts.  It  yields  a  white  compound 
with  mercuric  chloride.     It  is  a  very  permanent  body  ;  hence  its 
value  as  a  paint. 

Compound  of  Mercury  and  Nitrogen. 
(10.)  Mercuric  Nitride  (Hg^N^)  (See  p.  3io). 

Preparation. — By  heating  mercuric  oxide  in  a  current  of  ammonia 
(3HgO  +  2NH3  =  Hg"3N2  +  3H20). 

Properties. — A  dark,  explosive  powder.  Ammonia  and  sublimed 
mercury  may  be  obtained  by  heating  the  nitride  cautiously  with  a 
caustic  alkali. 

Oxy-Salts  of  Mercury. 

(11.)  Mercurous  Sulphate  (Hg2S04)  is  a  white,  crystalline  pow- 
der, and  is  produced  by  adding  dilute  sulphuric  acid  to  mercurous 
nitrate,  or  by  gently  heating  a  mixture  of  mercury  and  sulphuric  acid. 
Slightly  soluble  in  water. 

(12.)  Mercuric  Sulphate  (HgS04)  is  formed  by  heating  together 
mercury  and  sulphuric  acid  at  high  temperatures  (Hg  +  2H2S04  = 
HgS04-i-S02-l-2H20). 

Properties. — A  white  powder.  Its  color  changes  on  heating.  Decom- 
posed at  a  red  heat.  It  undergoes  decomposition  when  acted  on 
with  water,  an  insoluble  heavy,  yellow,  basic  salt,  the  trimercuric  sul- 
phate (called  also  basic  sulphate,  or  turpeth  (turbith)  mineral)  being 
formed  (HgS04,2HgO),  together  with  a  soluble  acid  sulphate. 

(14.)  Mercurous  Nitrate  (Protonitrate  of  mercury)  (Hg2)"2N03, 
2H2O. 

Preparation. — By  digesting  mercury  in  an  excess  of  dilute  nitric 
acid.  If  the  mercury  bje  in  excess,  a  basic  nitrate  is  formed,  having 
the  formula  (3(Hg2)"2N03,Hg"oO,H20).    This  basic  nitrate  may  be 
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known  from  the  normal  salt  by  its  becoming  black  when  triturated 
in  a  mortar  with  sodium  chloride,  calomel  being  fofmed,  and  mercurous 
oxide  separating.    Thus — 

(a.)    (Hg^"2N03,2H,0     +     2NaCl    =  HgjCl,     +    2NaN03    +  2B.fi. 
Normal  mercurous     +      Sodic    =  Calomel    +      Sodic      +  Water, 
nitrate  chloride  nitrate 

(/3.)  3{Hgj)"2N03,Hg",0,Hi,0+  6NaCl  =  SHg^Clj  +  GNaNOj  +    Hg,0    +  H^O. 

Basic  mercurous      +  Sodic  =  Calomel  +   Sodic    +  Mercurous +'Water. 
nitrate  chloride  nitrate  oxide 

By  the  action  of  aqueous  ammonia  upon  a  solution  of  the  salt,  a 
black  mercurous  ammonic  nitrate  (Hg'gNHgjNOa,  or  Hahnemann's 
soluble  mercury)  is  precipitated. 

(15.)  Mercuric  Nitrate  (2Hg"2N03,H20). 

Preparation.  —  By  dissolving  mercuric  oxide  (or  metallic  mercury)  in 
an  excess  of  nitric  acid. 

Several  yellow  basic  nitrates,  of  which  the  compound  (Hg2N03, 
HgO,2H20)  is  one  of  the  most  important,  are  precipitated  by  the 
action  of  water  upon  mercuric  nitrate.  From  these  compounds,  by 
the  continuous  action  of  hot  water,  the  nitric  acid  may  be  completely 
removed,  until  mercuric  oxide  only  remains. 

(16.)  Mercuric  Phosphate  (HgaPaOs)  is  a  white  powder,  formed 
when  sodium  phosphate  is  added  to  a  solution  of  mercuric  nitrate. 

Reactions  op  Mercury  Compounds. 
Flame. — None. 

Spectrum. — Bright  lines  in  green  and  blue. 
(A.)  Mercurous  Compounds  : — 

Caustic  alkalies  with  soluble  or  insoluble  mercurous  compounds. — Black 
ppt.  (Hg^O). 

Sulphuretted  hydrogen  and  ammonic  sulphide. — Black  ppt.  (Hg^S), 
insoluble  in  HNO3.    Soluble  in  aqua  regia. 

Hydrochloric  acid  with  soluble  mercurous  compounds. — White  ppt. 
(HgClg) ;  turned  black  by  ammonia. 

Potassic  iodide. — Green  ppt.  (Hgglg)- 

Stannous  chloride.— l^hite  ppt.  (HggClg),  becoming  grey  on  the 
addition  of  an  excess  of  the  precipitant  (metallic  mercury). 
(B.)  Mercuric  Compounds  : — 

Caustic  alkalies. — Yellow  ppt.  (HgO). 

Ammonia. — White  ppt.  of  a  mer cur- ammonium  compound. 

Sulphuretted  hjdrogen. — White  or  orange  ppt.,  becoming  black 
(HgS).  Ppt.  insoluble  in  ammonium  sulphide,  or  in  HNO3,  or  in  HCl. 

Potassic  iodide. — Red  ppt.  (Hglg),  soluble  in  excess  of  both  solu- 
tions. 

Stannous  chloride.— White  ppt.  (HggClg)  as  above,  becoming  black 
or  grey  in  the  presence  of  an  excess  of  the  precipitant,  metallic  mer- 
cury being  formed. 


550 


HANDBOOK  OF  MODERN  CHEMISTRY. 


If  a  piece  of  copper  be  immersed  in  a  warm  solution  of  a  salt  of 
mercury,  metallic  mercury  will  be  deposited  on  the  copper.  Simi- 
larly, mercury  is  deposited  on  gold  immersed  in  a  solution  of  a  mercury 
salt,  .if  the  gold  be  touched  through  the  solution  with  a  piece  of  clean 
iron.  These  deposits  may  be  volatilized  and  condensed  on  cold  sur- 
faces, or  changed  into  an  iodide  of  mercury,  etc. 

All  mercury  compounds  yield  a  sublimate  of  the  metal  when  heated 
in  a  test  tube  with  dry  sodium  carbonate. 

THALLIUM  (Tl). 

Atomic  weight,  204.  Molecular  weight  {probable),  408.  Specific  gravity, 
11-8  to  11-91.  Fusing  point,  561°  F.  (294°  C).  Specific  heat, 
0-0325.  Atomicity,  monad  in  thallous  compounds  (')  (TlCl ;  OTlg), 
and  triad  in  thallic  compounds  ("')  (Tr"Cl3). 

History. — Discovered  by  Crookes  in  1861,  by  means  of  its  peculiar 
spectrum.  This  spectrum  was  first  noticed  in  a  deposit  taken  from 
the  flue  of  a  sulphuric  acid  manufactory  in  the  Harz,  where  thalli- 
ferous  pyrites  had  been  used  in  the  manufacture  of  the  acid.  (The 
word  Thallium  is  derived  from  daWoQ,  "  green,"  the  metal  being  so 
named  from  its  peculiar  spectrum.) 

Natural  History. — It  occurs  sparingly,  but  is  nevertheless  widely 
distributed  in  Spanish  and  Belgian  pyrites.  It  is  also  found  in  a 
Swedish  mineral  called  Crookesite,  in  certain  mineral  waters,  and  in 
some  specimens  of  mica  and  lepidolite. 

Extraction. — By  treating  the  deposit  contained  in  the  flues  of 
sulphuric  acid  chambers  with  water,  and  precipitating  the  thallous 
chloride  from  the  clear  solution  with  hydrochloric  acid.  By  the  action 
of  sulphuric  acid,  the  thallous  chloride  is  re-converted  into  thallous 
sulphate,  from  the  solution  of  which  metalHc  thallium  may  be  precipi- 
tated by  the  action  of  metallic  zinc  or  of  the  galvanic  battery.  The 
metal  thus  obtained  is  then  fused  in  a  covered  crucible  under  potassic 
cyanide. 

Properties. — («.)  Physical.  A  heavy  crystalline  body,  exhibiting, 
when  freshly  cut,  a  brilliantly  metallic  surface.  It  is  softer  than  lead, 
leaving  a  bluish  line  when  rubbed  on  paper.  This  line  may  be  known 
from  a  lead  line,  by  its  turning  yellow  (oxidizing)  after  a  short  time. 
The  metal  crackles  like  tin  when  bent.  It  is  diamagnetic.  Its  specific 
gravity  varies  from  11-8  to  11-91.  Its  specific  heat  is  0-0325.  It  is 
volatile  at  a  red  heat,  and  boils  below  a  white  heat.  Its  spectrum 
.consists  of  one  intensely  green  line. 

(/3.)  Chemical.  Thallium  rapidly  tarnishes  in  air  at  common  tem- 
peratures. It  does  not  decompose  water  below  a  red  heat.  When 
melted  it  rapidly  oxidises,  but  it  may  be  distilled  in  a  current  of  hy- 
drogen. It  burns  in  oxygen,  emitting  a  green  light,  and  producing 
thallic  oxide  (TI2O3).    It  combines  energetically  with  the  haloids,  and 
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also  with  sulphur  and  phosphorus.  Dilute  acids  generally  dissolve  it. 
The  action  of  both  nitric  and  sulphuric  acid  upon  it  is  energetic, 
whilst  that  of  hydrochloric  acid  is  slight. 

In  chemical  position,  thallium  is  more  closely  allied  to  the  mon- 
atomic  metal  silver  than  to  the  alkaline  metals  in  the  sparing  solubi- 
lity of  its  chloride  and  the  insolubility  of  its  sulphide,  whilst  silver 
oxide,  like  thallous  oxide,  is  slightly  soluble  in  water,  its  solution 
exhibiting  an  alkaline  reaction. 

Compounds  of  Thallium  (Tl  =  204). 


1 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
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COMPOUNDS. 


Thallous  oxide  

„  hydrate   

Thallic  oxide  

,,  hydrate  

Thallous  chloride   ,   

Thallic  chloride   

Bromides,  analogous  to  chlorides  

Iodides  ditto   

Thallous  sulphide   

Thallic  „   

Thallous  carbonate  , 

nitrate   

Thallic  „   

Thallous  sulphate   '  

ThaUic  „   

(  Orthophosphates  | 

Thallous  phosphates       •  •      ^  ( 

I  Pyrophosphates  | 

^  Metaphosphate 


Formulae 
(General). 


T1,0 
TIHO 
Tl,03 
TUOj.H^O 
'TICI 
TICI3 
TlBr  and  TlBrg 
Til  and  Til, 
TJ^S 
TI2S3 
TUCO3 
Tl'NO, 
TI3NO38H2O 

Tl.SO, 
Tr"2(S0,)37H20 
HjTlPO, 
HTJjPU. 
TI3PO, 
HjTljP^O^ 
TI4P2O, 
TlPO, 


The  Oxides  of  Thallium— Both  Thallous  Oxide  (TI2O)  and. 
.Thallic  Oxide  (TI2O3),  are  basic  oxides,  and  form  soluble  crystalline 
I  salts. 

(1.)  Thallous  Oxide  (TI2O)  is  formed  whenever  a  freshly-cut 
•  surface  of  the  metal  is  exposed  to  the  air.  On  placing  the  tarnished 
I  metal  in  water,  this  layer  of  the  oxide  is  instantly  dissolved.  The 
» solution  of  thallous  oxide  in  water  is  alkaline,  forming  thallous  hydrate 
((TIHO).  Thallous  oxide  rapidly  absorbs  carbonic  acid  from  the  air. 
^When  electrolysed,  it  yields  metallic  thallium. 

(2.)  ThaUoUS  Hydrate  (TIHO)  is  formed  by  the  joint  action  of 
lair  and  water  on  the  metal,  or  by  adding  barium  hydrate  to  a  thallous 
isulphate  solution  and  evaporating  the  filtrate.  Soluble  in  water,  the 
BBolution  being  very  alkaline.  Heated  to  212°  F.  (100°  C.)  it  becomes 
'TljO. 

(3  and  4.)  Thallic  Oxide  (TI2O3)  is  formed  when  thallium  is 
1  burnt  in  oxygen.    A  dark  red  powder,  insoluble  in  water.    It  may  be 
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prepared  as  a  hydrate  (TJ^CHsO)  by  adding  potassic  hydrate  to  a 
solution  of  a  thallic  salt.  It  gives  ofe  oxygen  at  a  red  heat,  becoming 
TlgO.  It  is  soluble  in  hot  sulphuric  acid  with  the  evolution  of 
oxygen. 

(5.)  Thallous  Chloride  (TlCl)  is  formed  (a)  when  the  metal  is 
burnt  in  chlorine,  or  (/3)  as  a  white  curdy  precipitate  on  adding  a 
soluble  chloride  to  a  solution  of  a  thallous  salt  or  of  thallous  hydrate. 
By  exposure  to  light  it  becomes  of  a  violet  tint.  It  readily  fuses,  and 
at  a  high  temperature  volatilizes.  It  dissolves  (like  PbClg)  in  boiling 
water  (1  to  50),  crystallizing  out  on  cooling.  It  is  less  soluble  if 
some  hydrochloric  acid  be  added  to  the  water.  With  platinic  chloride 
it  forms  the  double  salt  2TlCl,PtCl4,  and  with  ferric  chloride  the 
compound  eTICljFegCle. 

When  thallous  chloride  is  warmed  with  a  solution  of  sodium  hypo- 
chlorite, a  thallic  oxyhydrate  is  formed  (TlHOg). 

(6.)  ThaUic  Chloride  (TICI3). 

Preparation. — By  passing  chlorine  through  water  in  which  thallous 
chloride  is  suspended.  A  thallic  oxy-hydrate  (TIHO2)  is  formed  by 
the  action  of  a  caustic  alkali  upon  it. 

Intermediate  chlorides  are  known,  viz.,  TI4CI6  and  TI2CI4. 

Thallic  bromide  and  iodide  have  been  prepared. 

(9.)  Thallous  Sulphide  (Ti^S)  is  formed  either  by  adding 
hydric  ammonium  sulphide  to  a  solution  of  a  thallous  salt,  or  by  the 
action  of  sulphuretted  hydrogen  on  a  solution  of  the  oxalate  or  acetate 
of  thallium.  Insoluble  in  water,  in  the  alkalies  or  in  their  sulphides. 
Soluble  in  sulphuric  and  in  nitric  acids.  Undergoes  oxidation  on  ex- 
posure to  air. 

(10.)  Thallic  Sulphide  (TI2S3)  is  prepared  by  fusing  thallium  with 
an  excess  of  sulphur. 

(11.)  Thallous  Carbonate  (TICO3),  is  prepared  either  by  satu- 
rating a  solution  of  the  hydrate  with  CO2,  or  by  exposing  the  metal 
or  a  solution  of  thallous  hydrate  to  the  air. 

(12.)  Thallous  Nitrate  (TINO3)  is  prepared  by  the  action  of 
nitric  acid  on  the  metal. 

(13.)  Thallic  Nitrate  (TI3NO38H2O)  and  (15.)  Thallic  Sul- 
phate (TI23SO47H2O),  are  prepared  by  the  action  of  nitric  and 
sulphuric  acids  respectively  on  thallic  oxide. 

(14.)  Thallous  Sulphate  (TI2SO4),  a  body  isomorphous  with 
potassium  sulphate,  combines  with  aluminium  sulphate  to  form  an 
octahedral  thallium  alum  (Al2"'Tl2(S04)4,24H20). 

Reactions  of  the  Thallium  Compounds. 
1.  They  all  impart  a  green  color  to  flame,  and  produce  the  spec- 
trum peculiar  to  the  metal  {vide  supra),  one  bright  green  line  being 
prominent. 
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2.  The  metal  is  reduced  whenever  a  thallous  salt  is  ignited  with  a 
mixture  of  charcoal  and  sodium  carbonate. 

3.  The  metal  is  precipitated  when  a  piece  of  zinc  is  placed  in  a 
solution  of  a  thallium  salt. 

(A.)  Thallous  Salts. — 1.  Soluble  chlorides  or  bromides;  a  white 
ppt.  of  thallous  chloride  (TlCl),  or  of  thallous  bromide  (TlBr).  {See 
Thallic  Salts.) 

2.  Soluble  iodides ;  a  yellow  ppt.  of  thallous  iodide  (Til). 

3.  Potassium  chromate ;  a  yellow  ppt.  of  thallous  chromate. 

4.  Platinic  chloride  ;  a  yellow  ppt.  of  2TlCl,PtCli. 

5.  Alkaline  hydrates  and  carbonates;  no  ppt.  {see  Reaction  with 
thallic  salts). 

6.  Ammonium  sulphide;  a  brownish-black  ppt.  (TlgS),  insoluble  in 
excess. 

(B.)  Thallic  Salts. — 1.  Soluble  chlorides  or  bromides;  no  ppt. 
{See  Thallous  Salts.) 

2.  Alkaline  hydrates  and  carbonates ;  a  brown  gelatinous  ppt. 
(TlHOg).    {See  Thallous  Salts.) 

3.  Oxalic  acid;  a  white  ppt. 

TUNGSTEN  (W  (Wolfram  or  Wolfranium)  =  184). 

Atomic  weight,  184.  Specific  gravity,  19-13.  Specific  heat,  0-0334. 
Atomicity  tetrad  (iv),  in  tungstous  compounds  (WOg),  and  hexad  ("'), 
in  tungstic  compounds  (WO3). 

History. — Obtained  by  Scheele,  1781. 

Natural  History. — It  occurs  as  Scheelite  (CaW04)  as  Wolfram 
(MnW04,3FeW04),  and  as  a  tungstate  of  lead  (PbW04)  and  of  cop- 
per.   It  is  also  found  as  Wolfram  ochre  (WO3) 

Preparation. — By  reducing  tungstic  anhydride  (WO3)  with  char- 
coal at  a  white  heat,  or  by  submitting  the  chlorides  to  the  action 
either  of  sodium  or  of  a  current  of  hydrogen. 

Properties. — A  white,  hard,  brittle,  almost  infusible  metal.  Its 
alloy  with  steel  (5  per  cent.)  is  intensely  hard,  and  permanently 
magnetic  in  a  high  degree.  In  mass,  the  metal  is  not  acted 
upon  by  air  at  ordinary  temperatures,  but  when  finely  powdered,  it 
burns  in  air,  forming  WO3.  Tungstic  acid  is  formed  either  by  the 
action  upon  the  metal  of  nitric  acid  or  of  aqua  regia,  or  by  heating 
the  metal  with  nitre,  or  by  boiling  it  in  an  alkaline  solution.  It 
combines  with  chlorine  when  heated  with  it. 

Tungsten  Compounds. 

Tungstous  oxide    WOg. 

Tungstic  oxide  or  anhydride       ...  WO3. 
Tungstic  acid    H2WO4. 
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Hypotungstous   chloride,  bromide 

and  iodide    WClg ;  WBr^  ;  Wig. 

Tungstous  chloride    WCI4. 

Tungstic  pentachloride    WCI5. 

Tungstic  hexachloride    WClg. 

(  WOCI4. 

Tungsten  oxjchlorides,  etc.        ...  -J  WOgCU. 

(  WOaBr;. 

Tungstous  sulphide    WSg. 

Tungstic  sulphide   WS3. 

Tungstous  Oxide  (WOg).— This  is  prepared  by  heating  WO3  in  a 
stream  of  hydrogen,  avoiding  too  high  a  temperature,  otherwise  com- 
plete reduction  might  be  ejSected.  It  is  a  brown  powder,  and  burns 
in  air,  firing  spontaneously  if  freshly  prepared  (pyrophoric),  WOj 
being  formed.    It  is  an  indifferent  oxide,  not  forming  salts. 

.  Tungstic  Oxide. — Tungstic  anhydride  (WO3). 

Preparation. — By  the  ignition  of  ammonium  tungstate  (prepared  by 
the  action  of  ammonia  on  the  residue  left  after  treating  calcic  tang- 
state  (Scheelite)  with  aqua  regia). 

Properties. — A  yellow  powder,  insoluble  in  water  and  in  most  acids, 
but  soluble  in  alkalies.  Fusible  at  a  high  temperature.  Becomes  green 
on  exposure  to  light. 

When  a  hot  alkaline  solution  is  neutralized  with  an  acid,  a  yellow 
precipitate  of  tungstic  acid  (H2WO4)  is  thrown  down,  but;  when  a 
cold  dilute  solution  is  similarly  treated,  a  white  precipitate  of  H2WO4, 
HjO  (=  H4W  O5)  is  formed. 

Tungstic  Acid  exists  in  several  modifications  : — 
(a.)  Common  tungstic  acid  (H2WO4),  has  a  yellow  color  and  is  inso- 
luble in  water.    It  is  prepared  by  drying  the  compound  (H2W04,H20) 
over  sulphuric  acid.    The  normal  tungstates  are  salts  of  this  dibasic 
acid. 

Metatungstic  acid  (H2W40i3,7H20),  is  a  white  body,  soluble  in 
water,  and  may  be  obtained  by  decomposing  the  barium  salt  with  sul- 
phuric acid. 

(7.)  A  colloidal  tungstic  acid,  similar  to  colloidal  molybdic  acid,  has 
been  prepared. 

Tungstates  and  Metatungstates. 

The  tungstates  yield  a  precipitate  with  an  acid  in  the  cold.  The 
metatungstates  yield  no  such  precipitate. 

Tiie  Tungstates  are  a  very  complex  class,  numerous  polytungstates 
having  been  described. 

The  normal  sodium  and  potassium  tungstates  (Na2W04,2H20),  are 
prepared  by  adding  tungstic  anhydride  to  a  fused  alkaline  carbonate. 
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The  sodium  salt  (a  paratiiugstate),  which  is  used  as  a  mordant  and 
:ilso  for  rendering  muslin  uninflammable,  is  prepared  by  roasting  wolfram 
with  soda  ash,  and  extracting  the  residue  so  formed  with  water. 

Tungsto-tungstates. — The  tuugstates  combine  with  tungstous 
oxide  (VVOo),  to  form  compounds  to  which  the  name  tungsto-tungstates 
has  been  given. 

The  Metatungstates  are  formed  by  heating  the  normal  salt  with 
tungstic  anhydride.  The  sodium  salt  has  the  formula,  Na2W40i.3, 
lOHjO. 

Certain  Phospho-tungstateS  (corresponding  to  phospho-molyb- 
dates),  have  been  prepared. 

SilicO-Tungstic  Acid  (HaSiWijOig).  The  compound  of  silica 
with  tungstic  acid  is  obtained  by  boiling  an  acid  salt  of  an  alkaline 
tungstate  (a  polytungstate)  with  gelatinous  silicic  acid.  It  may  be 
obtained  in  a  free  state  by  first  adding  mercurous  nitrate  to  a  solu- 
tion of  one  of  its  salts,  and  afterwards  decomposing  the  mercurous 
silico-tungstate  formed  with  hydrochloric  acid.  It  forms  both  normal 
and  acid  salts. 

Chlorides  of  Tungsten. — Hyi^otungstous  chloride  (WCI2)  is  a  grey 
powder,  formed  by  heating  WCI4  in  a  current  of  COg.  Tungstic  chlo- 
ride and  pentachloride  (WCI5)  are  formed  by  heating  WCIq  in  a  current 
of  chlorine,  the  distillate  being  collected  in  a  cold  receiver. 

Tungstic  hexachloride  (WClg),  Preparation. — By  heating  dry  tung- 
sten in  a  current  of  dry  chlorine.  (If  air  or  moisture  be  present,  an 
oxychloride  (\VOCl4)  would  be  formed.) 

Properties. — A  black  crystalline  mass,  not  altered  by  exposure  to 
air  unless  WOCI4  be  present.  Fuses  at  527°  F.  (275°  C),  and  boils 
at  654-8°  F.  (346°  C).  Undergoes  dissociation  above  the  boiling 
point.  Soluble  in  bisulphide  of  carbon.  Decomposed  by  boiling 
water  into  tungstic  and  hydrochloric  acids. 

Reactions  of  the  Tungstates, 

Solutions  of  the  tungstates  may  be  prepared  by  fusing  the  insoluble 
tungsten  compounds  with  an  alkali. 

1.  Sulphuretted  hydrogen  and  ammonic  sulphide.  No  ppt.  (A  brown 
precipitate  of  WS3  is  thrown  down  if  HCl  be  added  to  the  solution 
after  the  addition  of  ammonium  sulphide.) 

2.  A  borax  bead  heated  in  the  reducing  flame  with  compounds  of 
tungsten  gives  a  blue  color,  whilst  in  the  oxidizing  flame  a  yellow 
bead,  changing  to  red  on  cooling,  is  formed. 

3.  If  to  solutions  acidulated  with  HCl  a  piece  of  zinc  be  added 
(nascent  hydrogen),  a  deep  blue- colored  liquid  results. 
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CHAPTER  XIX. 

Organic  Compounds  and  Organised  Bodies  —  Definition  of  Organic  Chemistry— 
Organic  Analysis  —  Ultimate  Analysis— Vapor  Density  —  Method  of  deter- 
mining Vapor  Densities— Proximate  Analysis. 

Distinction  between  an  Organic  Compound  and  an 
Organised  Body. 

By  an  organic  compound,  such,  e.g.,  as  sugar,  urea,  etc.,  we  mean  a 
body  of  definite  chemical  constitution,  exhibiting  frequently,  if  solid, 
a  crystalline  structure,  and  possessing,  if  liquid,  a  fixed  boiling-point. 
Many  organic  compounds  have  been  formed  artificially. 

By  an  organised  body,  such,  e.g.,  as  tissue,  we  imply  a  solid  non- 
crystalline substance,  of  a  fibrous  or  cellular  nature  {i.e.,  non-crystal- 
line), suffering  decomposition  when  heated,  so  that  it  can  neither  be 
liquefied  nor  vaporised  intact.  No  organised  bodies  have  been  formed 
artificially. 

Definitions  op  Organic  Chemistry. 
(1.)  Organic  chemistry  was  originally  defined  as  'Hhe  chemistry 
of  compounds  produced  under  the  injluence  of  a  vital  force,""  that  is,  of 
a  force  present  only  in  the  bodies  of  living  plants  and  animals.  Those 
who  held  this  doctrine  of  a  vital  force,  divided  organic  bodies  into  two 
classes  : — 

(a.)  Direct  organic  bodies;  that  is,  bodies  like  sugar,  starch,  etc., 
actually  formed  in  the  liviag  plant  or  animal ;  and 

(/3.)  Indirect  organic  bodies;  that  is,  bodies  formed  from  direct 
organic  bodies,  by  chemical  or  physical  means.  Thus  oxalates  and 
formates  were  regarded  as  belonging  to  organic  chemistry,  because 
the  formates  were  prepared  from  the  oxalates,  and  the  oxalates  from 
starch.  Similarly,  olefiant  gas  and  alcohol  were  considered  organic, 
because  olefiant  gas  was  produced  from  alcohol,  and  alcohol  was 
formed  from  sugar.  Starch  and  sugar  being  direct  organic  bodies  the 
products  derived  from  them  were  regarded  as  indirect  organic  bodies. 

Recent  researches,  however,  have  shown  that  many  organic  com- 
pounds may  be  prepared  artificially ;  we  mean  by  that,  without  the 
medium  of  any  organic  substance.  Thus,  in  1828,  Wohler  obtained 
urea  from  ammonium  cyanate,  this  being  the  first  instance  of  an 
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organic  compound  being  obtained  by  an  artificial  method.  Here  life, 
"the  vital  force,"  played  no  part.  A  solution  of  the  cyanate  was 
made  and  allowed  to  evaporate,  when  urea  was  deposited.  Cyanogen 
may  be  obtained  from  sodium  cyanide  (NaCN),  a  salt  prepared  by 
passing  nitrogen  over  a  heated  mixture  of  carbon  and  sodium  car- 
bonate. Alcohol  (as  Bertholet  discovered  in  1856)  may  also  be  built 
up  artificially  from  its  elements  ;  and  so  on.  Hence  "  the  vital 
force "  scarcely  serves  to  mark  the  division  between  organic  and 
inorganic  chemistry. 

(2.)  Organic  chemistry  was  defined  by  Laurent  as  "  the  chemistry  of 
carbon  and  its  com2)ounds."  All  organic  substances  contain  carbon 
combined  sometimes  with  hydrogen  only,  as  in  benzene  (CqH.q),  and 
sometimes  with  nitrogen  only,  as  in  cyanogen  (CN).  Sometimes  the 
carbon  is  combined  with  hydrogen  and  oxygen,  as  in  sugar,  alcohol, 
etc.,  and  not  unfrequently  with  nitrogen  in  addition,  as,  for  example, 
in  the  vegetable  alkaloids.  Heating  a  substance  in  a  test-tube,  to  see 
whether  it  chars,  is  the  usual  rough  test  for  an  organic  body,  and 
unless  the  body  be  volatile  without  decomposing,  the  result  is  ac- 
curate. 

To  accept  this  definition,  however,  in  its  integrity,  would  involve 
our  placing  carbonic  oxide  (CO)  and  carbonic  anhydride  (COg)  with 
the  carbonates  amongst  organic  compounds.  To  meet  this  difficulty, 
Frankland  defines  an  organic  body  as  "a  substance  where  one  or  more 
atoms  of  the  carbon  of  a  molecule  are  directly  combined  with  carbon, 
nitrogen,  or  hydrogen."  Thus  he  excludes  carbonic  anhydride,  as  a 
body  in  which  the  carbon  is  combined  directly  only  with  oxygen 
(0=C=0).  Cyanic  acid  is  an  organic  compound,  because  the  carbon 
is  directly  combined  with  nitrogen  (N  ^  C — 0 — H).  The  objection 
to  this  hypothesis  is  that  it  takes  for  granted  our  power  of  examining 
the  internal  molecular  structure  of  bodies,  whereas  at  present  such 
insight  is  nothing  more  than  mere  speculation. 

(3.)  Organic  chemistry  was  defined  by  Liebig  as  "  the  chemistry  of 
compound  radicals."  But  compound  radicals,  as  we  have  already  seen, 
are  not  unknown  in  mineral  chemistry.  Silver  nitrate,  Ag(N03), 
which  consists  of  silver  and  the  compound  radical  (NO3),  bears  a 
close  resemblance  to  silver  acetate,  Ag(C2H302),  consisting  of  silver 
and  the  compound  radical  (C2H3O2).  Both  salts  part  with  their  com- 
pound radicals  when  a  soluble  chloride  is  presented  to  them  to  form 
AgCl.    Again  succinic  acid 

C4H4O2  ]  02(=C4H604) 

bears  a  close  resemblance  to  sulphuric  acid 

j  02(=H2S0,) 
each  body  containing  a  compound  radical. 
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But  although  the  existence  of  compound  radicals  can  scarcely  be 
regarded  as  peculiar  to  organic  chemistry,  nevertheless  their  presence 
is  one  very  striking  characteristic  of  it. 

By  a  compound  organic  radical  we  mean  "  a  group  of  atoms  con- 
taining one  or  more  atoms  of  carbon,  of  which  one  or  more  bonds  are 
unsatisfied."  (Franklaud.)  As  in  inorganic  chemistry  we  have  elements 
of  different  atomicities,  so  in  organic  chemistry  we  have  radicals  of 
different  atomicities.  For  example,  we  find  univalent  radicals,  such 
as  methyl  (CH3),  forming  methylic  chloride  (CH3)/C1  ;  divalent 
radicals,  as  ethylene  (CsH^),  forming  ethylene  chloride  (C2H4)"Clo  • 
trivalent  radicals,  as  glycerile  (C3H5),  the  radical  of  glycerine 
(03X15(110)3),  etc.  Basic  radicals  are  sometimes  found  combined 
with  acid  radicals,  the  whole  body  being  in  such  case  made  up  of 
compound  radicals  ;  as  e.g.,  in  methylic  acetate,  (CoH302)CH3. 

No  mono-,  tri-,  or  quinqui-valent  radical  can  exist  as  a  separate 
group  any  more  than  a  monad  (as  hydrogen),  a  triad,  or  a  pentad  ele- 
ment (as  nitrogen)  can  exist  as  a  separate  atom. 

Having  seen  that  it  is  impossible  to  draw  any  exact  line  dividing 
organic  from  inorganic  chemistry,  we  may  here  note  one  or  two  special 
characteristics  of  organic  bodies  : — 

1.  The  principal  elements  entering  into  the  composition  of  organic 
bodies  are  few,  viz.,  carbon,  hydrogen,  nitrogen,  and  oxygen  ,•  at  the 
same  time  nearly,  if  not  every  element,  found  in  the  mineral  kingdom, 
is  also  to  be  found  in  the  organs  of  the  plants  or  of  the  animals  that 
serve  to  elaborate  these  compounds. 

2.  Although  the  elements  of  which  organic  bodies  are  formed  are,  as 
we  have  said,  few,  nevertheless  the  number  of  atoms  constituting  a 
molecule  is  frequently  very  large.  No  organic  compound  is  known 
containing  only  two  atoms  in  a  molecule,  and  only  one,  viz.,  hydro- 
cyanic acid  (HON),  containing  three.  In  sugar  45  atoms,  and  in 
raargarin  217  atoms,  make  up  the  molecule  of  these  bodies  respee- 
tively. 

3.  Organic  bodies  are  remarkable  for  their  complicated  and  elaborate 
constitution.  This  depends  on  two  circumstances  : — (a),  the  frequent 
occurrence  of  compound  radicals  in  organic  bodies  ;  and  (/3)  the 
chemical  characteristics  of  the  four  elements  of  which  organic  com- 
pounds are  chiefly  composed. 

Respecting  this  latter  point,  viz.,  the  chemical  values  of  the  four 
elements  of  which  organic  bodies  are  chiefly  composed,  it  is  to  be  noted 
that  carbon  is  a  tetrad;  nitrogen  a  triad;  oxygen  a  dyad,  and  hy- 
drogen a  monad. 

The  tetravalent  atomicity  of  carbon  is  important.    It  is  regarded  as 
fully  saturated "  when  it  is  combined  either  with  4  monads  (as  in 
CH4),  or  with  the  equivalent  of  4  monads,  such  as  2  dyads  (as  in  CO2) 
or  1  triad  and  1  monad  (as  in  CNH),  etc.    It   is  regarded  as  "  not 
baturated^'  in  compounds  that  contain  less  than  4  monads  or  their 
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equivalent,  such  as  CO.  Under  slight  physical  influences,  however, 
such  as  light,  the  non-saturated  compound  CO  will  combine  with  CI2, 
forming  phosgene  gas  (COCIg),  in  which  compound  the  carbon  becomes 
fully  saturated. 

But  a  carbon  atom  will  also  combine  with  a  carbon  atom  (Dupli- 
cation). Two  separate  carbon  atoms  possess  8  unsatisfied  bonds 
(four  to  each).  When  combined,  however  (forming  a  dicarbon  atom), 
they  have  only  6  unsatisfied  bonds,  because  it  will  be  seen  that  one 
bond  from  one  carbon  atom  combines  with  and  satisfies  one  bond  from 
the  second  carbon  atom,  thus  satisfying  2  of  the  8  bonds.  Similarly, 
a  combination  of  3  carbon  atoms  (a  tricarbou  atom)  has  only  8  unsa- 

I 

tisfied   bonds   instead    of    12.     Thus  — C —  =  a    carbon    atom  ; 

I 

II  .  Ill 

— C — C —  =  a  dicarbon  atom  ;  — C — C — C —  =  a  tricarbon  atom. 

II  III 

Thus  the  addition  of  every  carbon  atom  increases  the  non-saturated 
bonds  of  a  compound  by  2.  It  will  be  seen,  therefore,  why  we  regard 
a  series  of  bodies  that  increase  by  an  addition  of  CHg,  as  a  homo- 
logous series  ;  as,  for  example,  in  the  monatomic  methyl  series  : 


pttyl  (CH3)' 

iFpyi  (C3H,)' 

etc. 


Methyl-hydride  (CH3)H 
Ethyl-hydride  (C,HjH 
Propyl-hydride 
etc. 


Methyl-cbloride  (CH3)C1 
Ethyl-chloride  (C^hJcI 
Propyl-chloride  (C3H7)  CI 
etc. 


Methyl-alcohol  (CH3)(H0) 
Ethyl-alcohol  (CjH^KHO) 
Propyl-alcohol(C2H7)  (HO) 
etc. 


Types  formed  on  carbon  as  the  grouping  agent  in  non-nitrogenized  bodies, 
and  on  nitrogen  in  nitrogenized  bodies.  (Frankland.) 

It  may  be  conveniently  noted  here  that  Frankland  regards  these 
carbon  groupings  to  which  we  have  referred,  as  constituting  a  series 
of  types  of  non-nitrogenous  bodies.  In  the  case  of  nitrogenized 
bodies,  nitrogen  is  regarded  as  forming  the  grouping  element.  Thus — 

(1.)  The  single  carbon  atom  type  has  been  termed  the  monadelphic 
or  marsh  gas  type. 

H 
I 

H— C-H  =  CH4,  Marsh  gas. 
H 

(2.)  The  dicarbon  atom  type  has  been  termed  the  diadelphic  or 
methyl  type. 

H  H 


H— C-C— H  =  I  Methyl. 


H  H 
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(3.)  The  tricarhon  atom  type  has  been  termed  the  triadelphio  type. 
H  H  H 

I     I     I  (CH., 
H — C — C — C— H,  as  for  example  I  CH2=C3H8,  Propyl-hydride, 
III  (  CH, 

H  H  H 

and  so  on. 

On  the  other  hand  nitrogenized  bodies  may  be  arranged  under  one 
of  either  of  the  following  forms  : — 

(4.)  The  ammonia  type ;  represented  thus — 

H 
I 

N    =N"'H3,  Ammonia. 

/\ 
H  H 

(5.)  The  ammonic  chloride  type ;  represented  thus — 

CI 
I 

H— N— H  =  N'H4C1. 

/\ 
H  H 

Frankland  also  describes — 

(6.)  The  double  monadelphic  type, 

H  H 

.  H— C— 0— i— H. 

I  I 
H  H 

(7.)  The  condensed  diadelpMc  or  olejine  type, 


H  H 
I 

C 


H  H 

4.  A  great  variety  of  properiy  naturally  occurs  as  the  result  of  the 
complicated  chemical  constitution  of  organic  bodies,  some  consti- 
tuting our  daily  food,  others  being  actively  poisonous  substances. 

ORGANIC  ANALYSIS. 

The  analysis  of  an  organic  body  is  of  two  kinds,  viz.,  proximate  and 
ultimate. 

(1.)  A  proximate  analysis  of  a  body  implies  "the  separation  and 
estimation  of  its  component  or  proximate  principles  " — 

Thus  :  determining  the  presence  and  relative  proportions  of  sugar, 
fat,  casein,  and  salts  in  milk,  constitutes  "  a  proximate  analysis "  of 
milk, 
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(2.)  An  ultimate  analysis  of  a  body  implies  "the  separation  and  the 
estimation  of  the  constituent  or  ultimate  elements  " — 

Thus  :  determining  the  presence  and  the  relative  proportions  of 
carbon,  hydrogen,  nitrogen,  and  oxygen  in  the  casein  of  the  milk,  con- 
stitutes "  an  ultimate  analysis  "  of  casein. 

We  commence  our  studies  with  the  principles  of,  and  the  method  of 
conducting,  the  ultimate  analysis  of  organic  bodies. 


ULTIMATE  ANALYSIS  OF  ORGANIC  BODIES. 

The  principle  of  the  ultimate  analysis  of  a  body  containing  carbon, 
hydrogen,  and  oxygen,  may  be  stated  as  follows,  viz.  : — To  burn  a 
known  weight  of  the  organic  body  in  oxygen,  and  to  collect  and 
weigh  the  oxidised  products.  The  carbon  is  determined  as  COg,  the 
hydrogen  as  HgO,  and  the  oxygen  by  difference — that  is,  by  subtracting 
the  combined  ^weight  of  the  hydrogen  and  carbon  from  the  total  weight 
of  the  material  operated  upon. 

The  conditions  necessary  for  the  success  of  the  experiment*  are  as  fol- 
lows : — (1.)  That  the  body  operated  upon  should  be  pure ;  (2.)  that 
it  should  be  dry ;  (3.)  that  it  should  be  perfectly  burnt ;  and  (4.)  that 
the  products  should  be  accurately  weighed. 

To  insure  the  purity  of  a  compound,  a  crystal  (if  the  substance  be 
crystalline)  is  to  be  preferred. 

Fractional  crystallization,  or  fractional  distillation,  or  fractional 
precipitation  are  processes  employed  to  separate  two  or  more  sub- 
stances. 

The  question  is  all-important,  and  yet  often  full  of  diflaculty,  Is  the 
substance  under  examination  pure  or  not  ?  If  it  be  a  liquid,  we  ask, 
Has  it  a  fixed  boiling  point  ?  If  a  gas.  Has  a  diffused  portion  the  same 
composition  as  the  part  not  diffused  ?  If  a  solid,  Are  the  results  of 
analysis,  of  its  specific  gravity  and  solubility  at  different  temperatures, 
and  of  its  fusing  point,  constant  and  uniform?  (Pp.  2  and  3). 

The  history  of  ultimate  analysis. — The  first  attempts  at  organic 
analysis  were  simply  destructive  distillation,  the  products  of  such  dis- 
tillation being  regarded  by  the  older  chemists  as  the  elements  of  organic 
bodies.  Thus  grew  the  dictum  "air,  oil,  water  and  earth  (caput 
mortuum)  are  the  elements  of  organic  bodies." 

Hales  and  Priestly  were  the  first  who  improved  this  process  of 
'destructive  distillation  by  collecting  the  gaseous  products  evolved 
'  during  the  operation. 

In  1810,  Gay  Lussac  and  Thenard  suggested  (in  principle)  the  pro- 
cess of  analysis  which  is  now  adopted,  viz.,  burning  the  body  in 
<  oxygen  and  collecting  the  products.    Their  process  was  as  follows  : — 
.A  glass  tube,  containing  a  weighed  quantity  of  the  organic  body  to 
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be  examined  was  placed  in  au  upright  position  in  a  furnace.  When 
the  tube  was  sufficiently  heated,  oxygen  was  supplied  to  the  organic 
matter  by  dropping  potassium  chlorate  into  the  tube.  The  gases 
evolved  were  collected  over  mercury  and  measured. 

The  objections  to  this  process  were  its  practical  difficulties,  namely, 
(1,)  the  constant  cracking  of  the  tube,  (2,)  the  frequent  loss  occasioned 
by  the  substance  being  blown  out  of  the  tube,  (3,)  the  difficulty  of 
ensuring  the  complete  combustion  of  the  organic  matter,  owing  to 
the  immediate  and  rapid  generation  of  oxygen  from  the  potassium 
chlorate,  and  (4,)  the  inaccuracies  resulting  from  measuring  the  pro- 
ducts of  combustion. 

Berzelius  suggested  the  following  improvements  in  the  pi'ocess,  viz., 
(1,)  placing  the  tube  in  a  horizontal  position ;  and  (2,)  modifying  the 
violent  action  of  the  potassium  chlorate  by  mixing  it  with  common 
salt.  Further  (3,)  he  weighed  the  products,  using  for  this  purpose 
a  chloride  of  calcium  tube  to  collect  the  water,  and  fragments  of 
caustic  potash  contained  in  a  large  glass  bulb  to  collect  the  carbonic 
anhydride. 

Gay  Lussac  and  Thenard,  Berard,  Berzelius,  and,  lastly,  Thompson, 
suggested  the  use  of  cupric  oxide,  instead  of  potassium  chlorate,  for  the 
supply  of  the  oxygen.  Its  advantages  were — (1,)  the  comparative 
ease  with  which  it  could  be  obtained  pure  and  dry  ;  and  (2),  more 
particularly,  that  when  heated  alone  it  required  a  high  temperature 
for  its  decomposition,  but  that  when  heated  with  organic  matter,  it 
readily  imparted  its  oxygen  to  it. 

Lavoissier,  Saussure,  and  Prout  suggested  passing  a  stream  of  pure 
oxygen  through  the  combustion  tube  instead  of  using  cupric  oxide. 

Finally,  Liebig  improved  the  process  in  many  of  its  details.  He 
suggested  the  use  of  plumbic  chromate  as  an  oxidising  agent,  instead 
of  cupric  oxide,  under  the  following  circumstances:  — 

(a.)  When  the  compound  contains  chlorine  or  bromine.  When  cupric 
oxide  is  used,  the  volatile  bodies  CuCL  and  CuBrg  are  formed,  which, 
condensing  in  the  calcium  chloride  tube,  introduce  a  source  of  error. 
This  is  avoided  by  the  use  of  plumbic  chromate. 

When  the  compound  contains  sulphur.  The  sulphur,  when  burnt 
with  cupric  oxide,  forms  SOg,  which  would  be  absorbed  by  the  potassic 
hydrate  solution,  thus  falsifying  the  results  obtained  by  weighing  the 
potash  bulbs.  With  plumbic  chromate,  on  the  contrary,  the  sulphur 
does  not  form  SOo,  but  the  non-volatile  body  plumbic  sulphate. 

(y.)  When  the  compound  contains  alkaline  salts.  The  alkaline  car- 
bonates into  which  these  alkaline  salts  are  converted  by  heat,  are  not 
decomposed  by  contact  with  cupric  oxide  (thereby  decreasing  the 
quantity  of  free  COg  formed),  whilst  they  are  decomposed  by  the 
action  of  plumbic  chromate. 

(5.)  When  the  compound  is  difficult  of  combustion. 


rr 
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I.)— The  Experimental  Determination  of  the  Carbon,  Hydro- 
gen, and  Oxygen  of  an  Organic  Compound,  not  containing 
Nitrogen. 

This  is  conducted  as  follows  :— A  tube  of  hard  glass,  eighteen 
inches  long,  drawn  out  to  a  narrow  neck,  and  closed  at  one  end,  is 
filled  for  the  first  five  inches  with  pure  cupric  oxide.  An  accurately- 
weighed  quantity  of  the  organic  body  to  be  examined,  mixed  with 
cupric  oxide,  is  then  introduced,  the  remainder  of  the  tube  being  filled 
up  with  pure  oxide.    To  this  combustion-tube  is  attached— 

First,  an  accurately-weighed  tube  containing  calcic  chloride,  for  the 
purpose  of  absorbing  the  moisture  formed  by  the  oxidation  of  the 
hydrogen,  calcic  chloride  not  absorbing  carbonic  anhydride  ;  and 

Secondly,  an  accurately-weighed  bulb-tube  containing  a  'solution  of 
votassic  hydrate,  for  the  purpose  of  absorbing  the  carbonic  anhydride 
formed  by  the  oxidation  of  the  carbon. 

The  front  part  of  the  combustion-tube  (that  is,  the  part  containing 
pure  cupric  oxide)  is  first  heated  to  redness.  This  done,  the  heat  is 
next  applied  to  the  mixture  of  the  oxide  and  the  organic  matter, 
ending  at  that  part  of  the  tube  furthest  from  the  absorption  tube! 
Thus  the  organic  body  is  burnt  by  the  oxygen  of  the  cupric  oxide. 
The  hydrogen  of  the  organic  body,  as  water,  will  be  absorbed  by  the 
calcic  chloride,  and  the  carbon  as  carbonic  anhydride  will  be  absorbed 
by  the  potash  solution. 

Finally,  the  sealed  end  of  the  combustion-tube  is  broken  off,  and 
nure  dry  air  or  oxygen  is  drawn  through  the  apparatus,  so  that  any 
uoisture  or  carbonic  anhydride  remaining  in  the  tube  when  the  opera- 
ion  is  complete  may  be  displaced  and  absorbed. 

The  tubes  are  then  detached,  and  when  cool,  are  again  weighed. 
The  increase  in  the  weight  of  the  chloride  of  calcium  tube  represents 
he  water  formed  by  the  combustion  of  the  hydrogen  of  the  compound, 
md  the  increase  in  the  weight  of  the  bulbs  containing  the  solutioii 
)f  potassic  hydrate,  represents  the  carbonic  anhydride  formed  by  the 
lombustion  of  the  carbon  of  the  compound. 

Determination  of  Oxygen.— The  oxygen  is  calculated  by  difPer- 
nce  ;  that  is,  having  proved  the  body  to  contain  only  hydrogen,  car- 
)on,  and  oxygen,  the  combined  weights  of  the  hydrogen  and  the 
;arbon  are  subtracted  from  the  total  weight. 

Method  of  Calculating  Results. 

Say  10  grains  of  sugar  is  burnt : — 

(a.)  The  calcic  chloride  tube  after  experiment  weighed  205-78  grs. 

"       »  before       „  „        200-00  .. 


Therefore  the  product  of  the  combustion  of  the  hydrogen  1  ^ 

of  10  grains  of  sugar  yields  H2O    ...  f  =  ^''^  g^s. 

o  o  2 
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It  follows  therefore — 

HaO       H,  Wt.ofH,01nlO 
*  grs.  of  sugar. 

18    :  2    :  :  5-78  :  x  =  0-643  grs.  of  hydrogen  in  10  grs.  of  sugar. 

(/3.)  The  potassic  hydrate  solution  after  expt.  weighed    815*39  grs. 

«  „  „    before  „  800-00  „ 

Therefore  the  product  of  the  combustion  of  the  carbon  ) 

of  10  grains  of  sugar  yields  COg   J  =  ^^'^^  S'^^- 

It  follows  therefore — 

*  grs.  of  sugar. 

44   :  12    :  :   15-39  :  x  =  4-198  grs.  of  carbon  in  10  grs.  of  sugar. 

(y.)  10  grs.— 4-841  grs.  (0-643  grs.  of  H  + 4-189  grs.  of  C)=5-lo9 
grs.  of  oxygen. 

(2.)  Multiplying  these  quantities  by  10,  we  find  that  there  are  in 
every  100  parts  of  sugar — 

Carbon       ...        ...        ...    41-98  parts. 

Hydrogen    ...        ...        ...      6-43  „ 

Oxygen      ...       ...       ...    51*59  „ 

Experimental  Errors. — Usually  our  estimation  of  the  carbon  in  a 
body  is  0-1  to  0-2  per  cent,  too  low,  the  error  arising  from  the  incom- 
plete combustion  of  the  body,  whilst  our  estimation  of  the  hydrogen 
is  0-1  to  0-2  per  cent,  too  high,  the  error  arising  from  the  impossibility 
of  effecting  the  entire  removal  of  moisture. 

In  the  case  of  a  liquid  it  is  commonly  placed  in  the  combustion-tube 
in  a  glass  bulb,  the  exact  weight  of  the  liquid  introduced  being  pre- 
viously determined  ;  whilst  in  the  case  of  a  fat  or  wax,  etc.,  a  little 
platinum  boat  is  usually  employed  for  the  same  purpose. 

(II.)— Estimation  of  the  Hydrogen  and  Carbon  in  a  Body 

containing  Nitrogen. 

If  the  nitrogen  were  evolved  as  free  nitrogen  from  the  organic  body 
its  presence  would  not  signify,  inasmuch  as  pure  nitrogen  would 
neither  be  absorbed  by  the  calcic  chloride,  nor  by  the  solution  of 
caustic  potash.  But  as  a  rule,  during  a  combustion  analysis,  a  small 
quantity  of  the  nitrogen  of  nitrogenised  bodies  becomes  oxidized  to 
nitric  oxide  (NgC^),  which,  on  coming  into  contact  with  the  air  in  the 
potash-bulb  apparatus,  would  be  further  oxidized  to  nitric  peroxide 
(N2O4),  and  would  then  be  absorbed  by  the  solution  of  potassic  hy- 
drate, and  so  interfere  with  the  estimation  of  the  COj. 

To  remedy  this  it  is  usual  to  place  some  copper  turnings  in  the 
front  part  of  the  combustion-tube,  and  to  maintain  the  metal  at  a  red 
heat  during  the  whole  experiment.    The  action  of  the  copper  is  as 
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follows  : — The  red-hot  copper  decomposes  any  oxide  of  nitrogen 
formed,  itself  absorbing  the  oxygen,  and  setting  free  pure  nitrogen, 
which  merely  escapes  into  the  air,  nnabsorbed  either  by  the  chloride 
of  calcium  or  by  the  solution  of  potassic  hydrate. 

(ni.)— The  Recognition  and  Estimation  of  the  Nitrogen 

in  an  Organic  Body. 

The  carbon  and  hydrogen  of  the  substance  having  been  first  esti- 
mated by  the  process  described  above,  the  nitrogen  must  be  determined 
by  a  separate  experiment. 

(1.)  The  Recognition  of  Nitrogen  in  Organic  Bodies.— The 

presence  of  nitrogen  may  be  known — 

(a.)  By  heating  the  substance  with  a  small  piece  of  potassium  (or 
sodium),  dissolving  the  residue  in  water,  adding  to  the  clear  filtrate 
a  few  drops  of  a  mixed  solution  of  ferrous  sulphate  and  ferric  chloride 
and  an  excess  of  hydrochloric  acid.  A  blue  precipitate  (Prussian  blue) 
indicates  the  presence  of  nitrogen. 

(/3.)  By  the  setting  free  of  ammonia  when  the  organic  body  is  heated 
with  potassic  hydrate. 

(2.)  Estimation  of  Nitrogen. — (A.)  By  volume,  (a.)  (Process  of 
Dumas.)  This  process  is  applicable  to  the  analysis  of  all  nitrogenised 
substances. 

The  combustion- tube,  sealed  at  one  end,  is  prepared  as  follows  : — 
The  first  five  or  six  inches  of  the  tube  is  filled  with  hydric  sodic 
carbonate  (NaHCOs).  The  mixture  of  cupric  oxide  and  the  organic 
matter  is  next  introduced,  and  afterwards  some  pure  cupric  oxide,  the 
last  two  inches  of  the  tube  being  filled  up  with  copper  turnings.  A 
I eli very-tube,  the  further  end  of  which  dips  under  mercury,  is  now 
fitted  to  the  combustion-tube.  The  apparatus  having  been  proved  to 
be  air-tight,  a  portion  of  the  hydric  sodic  carbonate  is  heated.  The 
carbonic  anhydride  generated  sweeps  the  air  out  of  the  tubes. 
If  this  were  not  done  the  atmospheric  nitrogen  would  vitiate  the 
results.  This  done,  a  graduated  tube,  filled  two-thirds  with  mercury 
and  one-third  with  a  solution  of  potassic  hydrate  (the  latter  to  absorb 
the  COg  generated  during  the  experiment),  is  inverted  over  the  de- 
livery-tube. The  copper  in  the  combustion-tube  is  now  made  red 
tiot,  so  that  it  may  effect  the  decomposition  of  any  oxides  of  nitrogen 
formed  during  the  process.  The  pure  cupric  oxide  is  next  heated, 
and  then  the  mixture  of  the  cupric  oxide  with  the  organic  matter. 
The  H2O  formed  is  condensed,  whilst  the  CO2  is  absorbed  by  the 
potassic  hydrate  solution,  the  nitrogen  alone  collecting  in  the  receiver. 
The  combustion  being  complete,  the  undecomposed  carbonate  is 
heated,  the  carbonic  anhydride  generated   sweeping  any  residual 
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nitrogen  from  the  combustion  and  delivery-tubes  into  the  graduated 
receiver. 

The  volume  of  nitrogen  formed  is  then  read  [off,  and  corrections 
having  been  made  for  moisture,  for  temperature,  and  for  barometric 
pressure,  its  weight  is  estimated  from  the  corrected  volume. 

A  slight  experimental  error,  not  exceeding  0-3  to  0-5  per  cent., 
arises  from  a  trace  of  nitrogen  remaining  in  the  tubes,  and  also  being 
retained  within  the  pores  of  the  copper, 

(/3.)  (Process  of  Frankland.)  This  process  can  be  used  when  there 
is  a  very  small  quantity  of  the  substance  to  work  upon.  The  carbon 
and  nitrogen  are  estimated  in  the  same  portion  of  the  organic  body  by 
its  combustion  with  cupric  oxide,  the  gases  produced  being  collected, 
measured  and  analysed. 

A  combustion-tube,  about  half  an  inch  in  diameter  and  14  inches 
long,  closed  at  one  end,  is  charged  as  follows  :— (1)  About  one  inch 
is  filled  with  granulated  cupric  oxide  ;  (2)  a  known  weight  of  the 
organic  substance,  mixed  with  finer  cupric  oxide,  is  put  in,  and  occu- 
pies about  four  inches  of  the  tube  ;  (3)  about  three  inches  of  granu- 
lated cupric  oxide  ;  (4)  a  roll  of  reduced  copper  gauze  ;  and  (5)  one 
inch  of  cupric  oxide.  The  open  end  of  the  tube  is  then  drawn  out 
before  the  blowpipe,  and  the  narrow  neck  turned  at  right  angles.  The 
tube  is  then  placed  in  a  combustion  furnace,  and  the  open  end  attached 
to  a  Sprengel  air-pump,  the  connection  being  made  by  means  of  a 
water  joiut. 

The  tube  is  then  exhausted  by  means  of  the  Sprengel,  and  the  copper 
gauze  heated  to  redness.  After  the  removal  of  any  gas  that  may 
have  been  occluded  by  the  copper,  the  combustion  is  commenced  by 
heating  the  tube  gradually,  beginning  from  the  copper.  When  the 
whole  tube  is  red-hot,  the  combustion  is  complete.  The  tube  is  again 
exhausted  and  the  gas  collected.  This  gas  consists  of  carbonic  an- 
hydride, nitrogen,  and  nitric  oxide.  It  is  removed  to  the  gas  apparatus 
and  analysed.  From  the  volume  of  carbonic  anhydride,  nitrogen,  and 
nitric  oxide,  the  weight  of  carbon  and  nitrogen  is  determined. 

(B.)  By  weight.  (Process  of  Varrentrapp  and  Will.)  We  have  noted 
that  when  nitrogenized  organic  matter  is  heated  with  sodic  or  potassic 
hydrates,  the  nitrogen  is  evolved  as  ammonia.*  Advantage  is  taken 
of  this  reaction  in  estimating  the  nitrogen  as  follows  : — 

A  known  weight  of  the  organic  body  is  mixed  with  soda-lime.  This 
is  prepared  by  slaking  lime  (CaO)  with  a  solution  of  sodic  hydrate, 
and  afterwards  drying  and  igniting  the  product  formed.  The  advan- 
tages of  soda-hme  over  caustic  soda  are  manifest.  Caustic  soda  is 
very  fusible,  very  deliquescent,  very  difficult  to  powder,  and  hence  very 

*  "When  a  non-nitrogenized  organic  body  is  heated  with  potassic  hydrate,  the  carbon 
of  the  organic  matter  bums  at  the  expense  of  the  oxygen  of  the  -water  of  the 
hydrate,  the  carbonic  anhydride  formed  combining  with  the  alkali,  and  the  hydrogen 
escaping. 
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difficult  to  mix  with  the  organic  body.  Soda-lime,  on  the  contrary,  is 
infusible  at  a  red  heat,  is  not  deliquescent,  and,  owing  to  the  ease 
with  which  it  can  be  reduced  to  a  fine  powder,  admits  of  ready  admix- 
ture with  the  organic  body.  The  mixture  of  the  organic  matter  with 
soda-lime  is  now  placed  in  a  glass  combustion-tube,  and  heated. 
The  ammonia  evolved  is  conveyed  into  a  tube  containing  hydrochloric 
acid,  and  the  quantity  of  ammonia  collected  estimated  as  ammonic 
platinic  chloride  ((NHOaPtClg),  which  may  be  either  collected  and 
weighed  on  a  tared  filter  (100  grs.  =  6-27  N),  or  else  ignited  in  a 
crucible  and  the  weight  of  the  nitrogen  estimated  from  the  reduced 
platinum  (100  grs.  of  Pt.  =  U-18  N). 

The  ammonia  may  also  be  estimated  by  collecting  it  in  a  measured 
quantity  of  dilute  sulphuric  acid  of  known  strength,  the  amount  of 
acid  unneutralized  being  determined  by  titration  (Peligot).  This 
process  of  estimating  the  nitrogen  as  ammonia  is  not  practicable, 
however,  when  the  nitrogen  is  present  as  a  nitro-compound,  as 
e.g.,  in  nitro-benzol,  ethyl  nitrate,  etc.,  or  in  the  case  of  certain 
alkaloids,  etc. 

(IV.)— The  Estimation  of  the  Sulphur,  Phosphorus  and 
Haloid  Elements  in  an  Organic  Body. 

(1.)  Estimation  of  Sulphur— This  is  effected  by  one  or  other 
of  the  following  processes  : — (a.)  By  igniting  a  known  weight  of  the 
organic  substance  with  a  mixture  of  nitre  and  potassic  hydrate.  An 
alkaline  sulphate  is  thus  formed,  the  sulphur  of  which  may  be  esti- 
mated by  precipitating  its  solution  with  baric  nitrate  (100  grs.  BaS04 
=  13-67  grs.  of  S). 

(/3.)  By  interposing  between  the  calcic  chloride  tube  and  the  potash 
bulbs  in  the  combustion  apparatus,  a  tube  containing  lead  oxide,  the 
sulphurous  acid  formed  combining  with  the  lead  oxide  to  form  a  sul- 
phate of  lead  (PbOs+SOa  =  PbS04). 

(The  presence  of  sulphur  vitiates  the  accuracy  of  the  carbon  deter- 
mination, when  cupric  oxide  is  used  as  the  oxidizing  agent.  This  does 
not  occur  when  plumbic  chromate  is  employed.    See  p.  562). 

(2.)  Estimation  of  Phosphorus. — This  may  be  effected  in  a  similar 
manner  to  the  process  (a.)  already  described  for  the  determination  of 
sulphur.  After  precipitating  the  sulphuric  acid  as  BaS04,  the  excess 
of  barium  is  to  be  thrown  down  with  dilute  sulphuric  acid.  The 
phosphoric  acid  present,  the  form  in  which  the  phosphorus  now  exists, 
is  then  to  be  estimated  by  supersaturating  the  solution  with  ammonia 
and  adding  magnesic  sulphate.  The  ammonic  magnesic  phosphate 
precipitated  is  then  collected,  ignited,  and  weighed  as  Mg2P207  (100 
grs.  =  27-92  grs.  P). 

(3.)  Estimation  of  Chlorine,  Bromine,  and  Iodine— This  is 

effected  by  heating  the  organic  body  in  a  tube  with  quicklime,  whereby 
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CaClo,  or  CaBro,  or  Calo,  is  formed.  The  product  is  then  dissolved  in 
dilute  nitric  acid,  and  the  chlorine,  bromine,  or  iodine  precipitated  with 
argentic  nitrate. 

(4.)  Estimation  of  Chlorine,  Bromine,  Iodine,  Sulphur  and 
Phosphorus  in  an  Organic  Body. — A  mixture  of  three  or  four 

grains  of  the  organic  body  with  eighty  grains  of  nitric  acid  (Sp.  gr. 
1*5),  and  a  few  crystals  of  argentic  nitrate,  contained  in  a  sealed  tube, 
is  to  be  heated  for  three  or  four  hours  in  an  oil  bath.  When  the 
tube  is  cold  its  contents  are  to  be  washed  into  a  beaker.  The  in- 
soluble AgCl,  or  AgBr,  or  Agl,  which  will  be  formed  if  the  substance 
contains  chlorine,  bromine,  or  iodine,  is  then  filtered  off.  The  excess 
of  silver  present  having  been  thrown  down  with  hydrochloric  acid, 
the  sulphur  and  phosphorus  in  the  clear  filtrate  are  to  be  estimated 
as  baric  sulphate  and  ammonic  magnesic  phosphate  respectively. 

(5.)  Other  constituents  remain  as  ash,  and  must  be  estimated  in  the 
usual  manner. 

VAPOR  DENSITY. 

Having  determined  by  an  ultimate  analysis  the  exact  chemical 
composition  of  a  body,  it  is  necessary  (if  the  substance  under  exami- 
nation be  volatile)  to  determine  the  specific  gravity  of  its  vapor.  We 
shall  notice  hereafter  the  important  control  that  this  determination 
exercises  over  the  calculations  derived  from  the  ultimate  analysis.  We 
should  here  remark — 

(a.)  That  with  an  organic,  as  with  an  inorganic  compound,  "its 
vapor  density  is  one-half  its  molecular  weight;"  in  other  words,  that 
the  molecule  of  a  compound  body  (no  matter  what  number  of  atoms 
be  present  in  the  molecule)  occupies  in  the  state  of  gas  twice  the 
volume  occupied  by  one  atom  of  hydrogen  (H  =  1)  under  like  con- 
ditions of  temperature  and  pressure.    Thus  a  molecule  of  water  gas 


(HoO)  occupies  two  volumes,  or  |  |  |,  the  atom  of  hydrogen  (H) 
occupying  one  volume,  or  )  |. 

(/3,)  It  follows,  if  the  molecule  of  a  compound  body  in  the  state  of 
vapor  be  twice  the  volume  of  an  atom  of  hydrogen,  that  "  the  sjjecijic 
gravity  of  any  compound  gas  or  vapor  referred  to  hydrogen  as  unity,  must 
be  one-half  its  molecular  weight.""    Thus  — 

The  molecular  weight  of  HoO  =  18.  This,  we  have  seen,  occupies 
2  vohimes,  i.e.,  twice  the  volume  occupied  by  H  ; — 

Therefore  ^  =  9,  the  relative  weight  or  vapor  density  of  water  gas, 
hydrogen  being  1. 

(y.)  But  to  this  general  law  we  find  certain  exceptions.  These 
exceptions  are  probably  more  apparent  than  real,  and  may  be  ex- 
plained by  the  circumstance  that  many  bodies,  when  heated  to  their 
boiling  point,  decompose,  so  that  the  vapor  experimented  upon  is  not 
the  pure  vapor  of  the  original  body,  but  a  mixture  containing  the 
vapors  of  the  new  compounds  of  decomposition.     This  form  of  de- 
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composition  is  termed  'Ulissodatton"  {see -page  15).  For  excample,  a 
molecule  of  sulphuric  acid  (H0SO4),  as  a  gas,  is  found  to  occupy  not 
(as  it  should  do)  2  volumes,  but  more  than  2  volumes,  the  reason  being 
that  when  sulphuric  acid  is  heated  above  its  boiling  point,  it  is  decom- 
posed more  or  less  completely  into  sulphuric  anhydride  and  water 
(H2SO4  =  H0O  + SO3).  Hence,  if  we  were  determining  its  vapor 
density,  our  experiment  would  be  conducted,  not  with  pure  sulphuric 
acid  vapor,  but  with  a  vapor  containing  the  mixed  decomposition  pro- 
ducts, viz. :  water  and  sulphuric  anhydride. 

It  will  be  evident  that  if  dissociation  was  complete,  the  molecule  of  a 
substance  (such,  e.g.,  as  H2SO4)  would  occupy,  in  a  state  of  vapor, 
4  "volumes  instead  of  2  volumes  ;  that  is,  the  HgO  formed  would 
occupy  2  volumes,  and  the  SO3  2  volumes.  This  being  the  case,  the 
observed  specific  gravity  would  be  one-fourth  (and  not  one-half)  the 
molecular  weight,  the  molecule  appearing  to  occupy  4  times  the 
volume  of  a  hydrogen  atom.  But  dissociation  may  he,  and  usually  is,  only 
partial,  commencing  at,  or  a  little  above,  the  boiling  point,  and  be- 
coming more  and  more  complete  as  the  temperature  is  increased. 

The  difficulty  in  determining  vapor  densities  arising  from  disso- 
ciation, has  been  in  some  cases  overcome  by  altering  the  relationship 
between  the  relative  quantities  of  the  products  of  dissociation,  the 
tendency  of  compounds  to  combine  being  augmented  by  the  presence 
of  one  of  the  compounds  in  excess.  Thus,  if  we  attempted  to  deter- 
mine the  vapor  density  of  phosphoric  chloride  (PCI5),  we  should  find 
that  it  would  split  up  into  PCI3  and  CI2.  If,  however,  we  mix  phos- 
phorous chloride  (PCI3)  with  phosphoric  chloride  (PCI5)  the  chlorine 
set  free  by  heat  from  the  PCI5,  being  in  the  presence  of  a  large 
excess  of  PCI3  instantly  combines  with  it  to  form  PCI5,  enabling  us  at 
once  to  obtain  the  true  vapor  density  of  the  phosphoric  chloride. 
Thus  in  some  cases  the  difficulties  arising  from  dissociation  have  been 
met. 

We  now  proceed  to  consider  the  determination  of  vapor  densities. 

Determination  of  Vapor  Densities. 

This  may  be  effected  in  one  of  two  ways ;  either 

I.  By  determining  the  weight  of  a  given  volume  of  vapor :  or 

II.  By  determining  the  volume  of  a  given  weight  of  the 
substance. 

I. — By  determining  the  weight  of  a  given  volume  of  vapor  (Process  of 
Dumas). 

(a.)  Provide  either  a  clean  dry  glass  flask,  or  one  of  porcelain,  if 
^lass  will  not  stand  the  necessary  heat.    The  flask  must  have  a  long 
ind  finely  drawn  out  neck,  and  be  capable  of  holding  from  200  to 
!00  c.c.    Weigh  the  flask  accurately,  noting  at  the  time  the  tempera- 
ure  and  pressure. 
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Thtis  loe  learn  the  weight  of  the  Jlask  filled  with  air  at  a  definite  tem- 
perature and  pressure. 

(fi.)  Introduce  now  into  the  flask  a  quantity  (say  50  to  100  grains) 
of  the  substance  to  be'  examined,  and  place  the  flask  containing  the 
compound  in  a  water,  oil,  or  mercury  bath,  the  neck  of  the  flask  being 
external  to  the  bath.  The  temperature  of  the  bath  employed  must 
be  considerably  above  the  boiling-point  of  the  body  under  examina- 
tion. Hence  the  vapors  of  cadmium  (860°  C),  or  of  zinc  (1040°  C), 
must  be  used  if  necessary.  The  vapor  of  the  substance,  as  it  is 
evolved,  expels  the  air  from  the  flask.  When  the  evolution  of  vapor 
from  the  flask  ceases,  the  neck  of  the  flask  is  to  be  sealed,  the  tem- 
perature of  the  bath  and  the  atmospheric  pressure  being  noted  at  the 
time.  When  the  flask  is  cold  it  is  weighed,  the  temperature  and 
pressure  being  again  recorded. 

Thus  we  learn  the  weight  of  the  flask  filled  with  the  vapor  of  the  substance 
under  examination,  at  a  definite  temperature  and  pressure. 

(y.)  The  extreme  point  of  the  flask  is  now  to  be  broken  off  under 
mercury.  If  the  air  of  the  flask  has  been  entirely  expelled,  the 
mercury  immediately  rushes  into,  and  completely  flUs  the  flask.  By 
weighing  the  mercury  that  thus  enters  the  flask,  the  capacity  of  the 
flask  may  be  determined. 

Thus  we  lear7i  the  capacity  of  the  flask. 

If,  however,  the  mercury  does  not  completely  fill  the  flask,  it  proves 
that  the  expulsion  of  the  air  by  the  vapor  was  not  complete.  Under 
these  circumstances,  weigh  fii-st  the  mercury  that  enters  the  flask,  and, 
secondli/,  the  total  mercury  required  to  fill  the  flask. 

Thtis,  by  the  difference  between  these  two  weighings,  we  learn  the  quantity 
of  residual  air  in  the  flask  at  the  time  of  the  expei-iment,  whilst  the  weight  of 
the  mercury  requii-ed  to  fill  the  fiask,  gives  us  the  gross  capacity  of  the  fiask, 

Example  (from  Roscoe). — A  volatile  hydro-carbon  (C6H14)  is  taken 
for  the  experiment.  The  barometric  pressure  is  throughout  taken 
at  760  mm. 

Weight  of  the  flask  filled  with  air  (tempera- 
ture 15-5°  C.)  =  23-449  grms. 

Weight  of  the  flask  filled  with  the  vapor  of 

the  hydro-carbon  (temperature  110°  C.)  ...  =  23-720  grms. 
Capacity  of  the  flask...        ...        ...        ...  178  c.c. 

From  these  data  we  enquire — 

(1.)  WTiat  bulk  would  178  c.c.  of  air  at  15-5°  C.  (the  temperature  at 
which  the  flask  containing  air  was  weighed)  occupy  at  0°  C.  (the 
standard  temperature,  see  p.  40)  ?    Ans.  168-4  c.c. 

(^2.)  What  is  the  weight  of  this  volume  of  air?  Every  c.c.  of  air  at 
0°  C.  and  760  mm.  weighs  0-001293  grms.  Therefore  0-001293  X  168-4 
=  0-218  grms.,  the  weight  of  168-4  c.c.  of  air  at  0°  C,  and  760  mm. 
pressure;  in  other  words,  the  weight  of  the  air  the  flask  contains  at  0°  C. 
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(3.)  The  weight  of  the  flask  without  air  is  therefore  23'231  grras. 
[23-449  grms.  (flask  +  air)— 0-218  grm.  (weight  of  air)=23-231  grms. 
(weight  of  flask).] 

(4.)  The  weight  of  the  flask  filled  with  vapor  is  23-720  grms.  If 
we  subtract  from  this  the  weight  of  the  flask,  we  obtain  the  weight 
of  the  vapor  in  the  flask  [23'720  (flask  +  vapor)  —23-231  (weight  of 
flask)=0-489  grm.  (the  weight  of  the  vapor)]. 

(5.)  178  c.c.  of  hydrogen  at  110°  C.  weighs  0-01134  grm.  (1  c.c.  of 
hydrogen  at  0°  C.  and  760  mm.  weighs  0-0008936  grm.  (see  page  43). 

Therefore   ^'^^^    =  43-13  j  density  of  the  vapor  of  CgHi^ 

0-01134  (       compared  to  hydrogen  as  imity. 

In  this  example  we  have  omitted  such  minor  details  as  the  expansion 
of  the  glass  flask,  the  errors  of  the  thermometer,  etc.  If  the  pressure 
varied  during  the  experiment,  due  allowance  would  have  to  be  made. 

If  the  air  be  not  wholly  expelled  from  the  flask  by  the  vapor,  the 
residual  air  must  be  deducted  from  the  total  capacity  of  the  flask,  and 
the  calculation  made  on  the  result. 

II. — The  vapor  density  may  also  be  estimated  "  by  determining  the 
volume  of  a  given  weight  of  the  substance." 

(a.)  (Process  of  Gay  Lussac.) — A  sealed  glass  bulb,  containing  a 
known  weight  of  the  substance  to  be  examined,  is  introduced  into  a 
graduated  tube  full  of,  and  standing  over,  mercury.  The  whole 
apparatus  is  then  lowered  into  a  bath  of  hot  oil  or  other  liquid,  the 
heat  of  which  bursts  the  glass'  bulb,  and  converts  the  whole  of  the 
volatile  substance  contained  therein  into  vapor.  The  volume  of  vapor 
is  then  noted,  and  also  the  temperature  of  the  bath,  the  atmospheric 
pressure,  the  height  of  the  mercury  in  the  graduated  tube  (the  down- 
ward weight  of  which  tends  to  expand  the  vapor),  and  the  depth  of 
the  oil  bath  pressing  on  the  mercury  (the  downward  weight  of  which 
tends  to  contract  the  vapor).  From  these  data,  the  vapor  density  may 
be  calculated. 

Hofmann's  modification  of  the  above  process  consists  in  enclosing 
the  graduated  glass  tube  in  a  second  and  larger  tube,  through  which 
currents  of  the  vapor  of  water  or  other  body  can  be  passed.  In  this 
way  the  trouble  of  lowering  the  whole  apparatus  into  the  oil  bath  is 
avoided.  The  volume  of  the  vapor,  the  temperature,  the  pressure, 
and  the  height  of  the  mercury  column  must  be  noted.  The  weight 
of  hydrogen,  which  under  the  same  conditions  would  occupy  a  similar 
volume,  is  then  estimated,  and 

the  weight  of  substance  examined         [the  vapor  density 

the  weight  of  hydrogen  (  required. 

(/3.)  (Method  of  Victor  and  Carl  Meyer.) — The  apparatus  consists 
of  a  glass  vessel  of  about  100  cubic  centimetres  capacity,  having 
fused  to  it  a  glass  tube  about  600  millimetres  long,  which  can  be 
closed  at  the  top  by  means  of  an  indiarubber  stopper.    To  this  glass 
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tube,  about  20  millimetres  from  the  top,  is  fused  a  side  delivery  tube. 
The  glass  vessel  is  immersed  in  a  bath  containing  a  liquid,  heated  to 
a  temperature  above  that  of  the  boiling-point  of  the  substance  to  be 
tested.  The  delivery  tube  dips  into  a  trough  containing  water,  so 
that  over  it  a  graduated  gas  tube  can  be  placed. 

When  the  vessel  has  reached  a  constant  temperature  (when  the  air 
ceases  to  bubble  out  of  the  delivery  tube),  the  stopper  is  removed,  and 
a  known  weight  of  the  substance  is  quickly  thrown  in,  the  stopper 
replaced,  and  the  graduated  gas  tube  placed  over  the  delivery  tube. 
When  the  substance  reaches  the  bottom  it  quickly  evaporates,  and 
displaces  the  air,  which  is  collected  and  measured.  All  the  data 
required  are  the  weight  of  substance,  the  volume  of  air  displaced,  and 
the  temperature  and  pressure  at  which  the  displaced  air  is  measured. 
The  exact  temperature  of  the  bath  is  not  required,  but  the  amount  of 
substance  taken  must  be  such  as,  when  in  the  state  of  vapor,  will 
not  occupy  more  than  half  the  volume  of  the  vessel.  To  calculate  the 
vapor  density 

Let  W  =  weight  of  substance  taken. 
V  =  volume  of  air  measured. 
B  =  barometric  pressure, 
t    =  temperature, 
a    =  tension  of  aqueous  vapor. 

Then  vapor  density  ^  W  x  760  (1  +  -00366  t). 

^         (B— a)  V  X  0-001293. 
We  have  now  to  consider — 


The  Application  of  the  Facts  deduced  from  the  Ultimate 
Analysis,  and  from  the  Determination  of  the  Vapor 
Densities  of  Organic  Bodies. 

(1.)  We  learn  firstly,  the  j>ercentage  comjjosition  of  a  body.  This,  as 
we  have  noticed,  is  at  once  deduced  from  the  analysis.  Thus  it  was 
shown  that  every  100  parts  of  sugar  contained — 

Carbon,  41-98  ;  hydrogen,  6-43  ;  oxygen,  51-59. 

(2.)  From  this  percentage  composition  is  deduced  the  empirical 
formula  of  the  body,  i.e.,  the  simplest  possible  expression  of  the  rela- 
tive quantities  of  the  several  elements  present.  Thus  the  empirical 
formula  for  sugar  is  C12H22O11.  The  rule  for  estimating  the  empirical 
formula  from  the  percentage  composition  is  as  follows  : — "  Divide  the 
percentage  numbers  by  their  respective  atomic  weights,  and  divide 
these  quotients  by  their  greatest  common  divisor,"  thus — 

Percentage  com-     At.  "Wt.  of 
position  of  sugar.  element. 

Carbon   41-98      -t-      12      =  350. 

Hydrogen   6-43      ^        1      =  643. 

Oxygen    51-59      ^      16      =  323. 
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The  relationship  between  C350H643O323  (dividing  each  by  30)  is  very 
nearly  expressed  by  the  formula  CiaHgoOn. 

Very  nearly^  we  say,  but  not  exactly,  for  it  has  been  already  remarked 
(page  564)  that  slight  experimental  errors  are  inseparable  from  an 
ultimate  analysis.  This  experimental  error  may  be  checked,  amongst 
other  methods  mentioned  under  the  determination  of  the  molecular 
formula,  by  reckoning  bach  the  formula  deduced  to  the  percentage 
composition,  as  well  as  calculating  the  percentage  composition  into 
the  formula.    The  question  is — Do  the  errors  fall,  both  as  regards 

(1)  direction  and  (2)  amoimt,  within  the  recognised  experimental 
errors,  remembering  that  as  regards  (1)  direction,  the  carbon  is 
commonly  deficient  and  the  hydrogen  in  excess,  and  that  as  regards 

(2)  amount,  the  deficiency  of  the  one  or  the  excess  of  the  other,  should 
not  exceed  0"1  or  at  most  0*2  per  cent.  ? 

Thus  in  the  case  of  sugar — 


From  the  percentage  composition : 
Carbon      ..    ..  41-98 
Hydrogen  ..    ..  6'43 
Oxygen     ..    ..  51"59 
■we  calculate  the  formula:  — 
GijHjjO,, 


II. 

From  the  formula  Ci2HjjOi,,  we  cal- 
culate the  percentage  composition  as 
follows : — 

Carbon  ..  ..  42 -ll 
Hydrogen  . .  . .  6*43 
Oxygen     .,    ,.  51-46 


This  close  correspondence  of  results  proves  the  accuracy  of  the 
formula  CigHogOn. 

(3.)  Our  results,  further,  help  us  to  determine  the  molecidar  formula 
of  the  body.  By  this  we  mean  "  the  atomic  constitution  of  the  molecule, 
which,  converted  into  vapor,  corresponds  to  the  volume  formed  by  2  atoms 
of  hydrogen  (hence  called  a  '  two-volume  formula ')  under  similar  con- 
ditions of  temperature  and  pressure.''^  The  advantage  of  the  mole- 
cular over  the  empirical  formula  is,  that  it  represents  not  only  the 
number  of  parts  by  weight,  but  also  a  quantity  which,  as  a  gas, 
occupies  a  known  volume  {viz.,  2  volumes).  Comparison  is  thus 
simplified  : — 

(a.)  What  is  the  relationship  between  the  empirical  and  the  molecular 
formula  of  a  body  ? 

(1.)  They  may  be  identical ; 

(2.)  If  not  identical,  the  molecular  formula  is  always  some  simple 
multiple  of  the  empirical  formula.    Thus — 

CH  represents  the  empirical  formula  for  benzene  ; 
OqHq       „  molecular      „  „ 

We  next  enquire — 

{ft.)  How  is  the  molecular  (or  two-volume')  formula  determined  ? 
(Ist.)   By  the  actual  determination,  when  possible,  of  the  vapor 
density.    The  vapor  density  of  a  body  (that  is,  the  relative  weight  of 
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one  volume)  is  always  one-half  the  molecular  weight  (that  is,  the 
weight  of  two  volumes). 

CH,  we  learn  from  its  ultimate  analysis,  represents  the  simplest 
expression  of  the  relative  amounts  of  carbon  and  hydrogen  in  the 
liquid  called  benzene.  For  in  every  100  parts  of  benzene  there  are 
found  on  analysis  to  be — 

92-3  parts  of  carbon 
7'7       „  hydrogen. 

From  these  numbers  we  derive  the  formula  as  follows  •  

7-7 

H  :  Y  =  7-7. 

The  ratio  of  C  :  H  is  as  7-7  :  77  or  as  1  :  1.  Therefore  CH  is  the 
empirical  formula.  From  this  formula  we  should  estimate  the  vapor 
density  of  benzene  as  6'5  ;  thus — 

Experiment,  however,  shows  that  the  vapor  density  of  benzene  is  39 
or  6'o  X  6.    Hence,  CgHg  must  be  the  molecular  formula — 

CgHe  =  =  39-0. 

Or  we  may  state  the  facts  thus :— The  parts  by  weight  of  benzene 
represented  by  the  formula  CH,  when  converted  into  vapor,  only 
measure  one-sixth  of  the  volume  produced  by  2  unit  weights  of 
hydrogen  ;  whilst  the  parts  by  weight  represented  by  the  formula 
CfiHfi,  measure,  when  converted  into  vapor,  the  volume  produced  by 
2  unit  weights  of  hydrogen,  under  similar  conditions  of  temperature 
and  pressure.  Hence  C^Hg  is  regarded  as  the  molecular  formula  for 
benzene. 

(2ndly.)  It  is,  however,  not  always  possible  to  estimate  the  vapor 
density  of  a  body,  for  it  may  be  non-volatile,  or  it  may  decompose 
when  heated.  Hence  other  means  must  be  adopted  to  determine  the 
parts  necessary  to  form  two  volumes,  if  the  substance  could  be  volatilized 
unchanged. 

(d)  Such  methods  consist  in  the  analysis  of  the  compounds  the 
substance  forms  with  well-known  bodies,  in  other  words,  its  powers  of 
combination  and  saturation. 

(1.)  In  the  case  of  organic  acids  or  salt  radicals,  the  silver  or  lead 
salt  is  commonly  examined.  For  example,  suppose  we  were  determin- 
ing the  molecular  formula  of  acetic  acid.  From  the  ultimate  analysis 
we  learn  that  CHgO  constitutes  its  empirical  formula.  One  atom  of 
silver  will  replace  (we  know)  one  atom  of  the  hydrogen  of  the  acetic 
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acid  to  form  acetate  of  silver.  By  analysis  "we  find  that  every  100 
parts  of  this  acetate  of  silver  contain — 

Silver    64-68  parts. 

Carbon,  hydrogen,  and  oxygen  35*32  „ 

Hence  the  atoms  of  C,  H,  and  0,  combined  with  108  atoms  of  silver 
(108  being  the  atomic  weight  of  silver),  may  be  found  by  the 
equation — 

64-48  :  36-32  :  :  108  :  a;  =  58-98. 

To  this  58-98  add  1  (=59-98),  to  allow  for  the  hydrogen  displaced 
by  the  silver.  Hence  the  molecular  weight  of  glacial  acetic  acid  is 
59-98,  and  its  molecular  formula  (allowing  for  experimental  error) 
must  be  CgH^Oo.    Thus — 

=  24, 
H,    =  4, 

Oo    =    32  =  60-00,  or  59*98  nearly. 

(2.)  In  the  case  of  organic  bases,  the  neutral  compounds  formed 
with  well-known  mineral  or  organic  acids,  must  be  examined. 
(/8.)  The  study  of  the  substitution  products  the  body  forms, 
(y.)  The  action  of  reagents. 

(3.)  The  calculation  of  the  specific  heat,  and  of  the  specific  gravity 
of  the  body. 

It  is  most  important  to  bear  in  mind  exactly  what  a  molecular 
formula  teaches,  and  what  it  does  not  teach  : — 

(a.)  It  teaches  the  actual  chemical  composition  of  a  body,  and  its 
vapor  density. 

(j3.)  It  does  not  teach  the  chemical  formation  of  a  body,  nor  its  mode 
of  decomposition  ;  nor  does  it  help  us  in  the  least  degree  to  distinguish 
isomeric  modifications. 

To  supply  these  wants.  Rational,  Constitutional  or  Structural  FormuloB 
are  employed.  A  rational  formula  is  designed  to  teach  something  of  the 
nature  and  properties,  and  also  the  formation  and  decomposition  of  a 
substance. 

It  will  be,  of  course,  understood  that  rational  formulae  are  theo- 
retical formulfe,  and  merely  represent  probabilities.  They  are  not 
to  be  regarded  as  actual  representations  of  the  constitution  of  a  body, 
but  merely  as  the  best  representations  our  present  knowledge  enables  us 
to  form. 

One  compound  may  possess  many  rational  formulae,  and  we  use  them 
according  to  the  decomposition  or  reaction  we  desire  to  represent. 
Thus,  acetic  acid  (C2H4O2)  has  numerous  rational  formulae,  amongst 
which  we  may  mention  the  two  following  as  illustrations  of  a  con- 
densed chemical  language  : — 

(1.)  H(C2H302)  :  This  implies  that  acetic  acid  is  a  monobasic  acid, 
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the  one  H  placed  on  one  side  implying  that  it  differs  from  the 
other  three  in  its  capacity  for  being  replaced  by  a  monad  metal  or 
alcohol  radical.    Thus  we  have  the  bodies — 

Ag'.CaHgOo  ...        ...       Argentic  acetate. 

Ba".(C2H-,02)2       •••       •..       Barium  acetate. 

(C2H5)'.(C2H302)   ...        ...       Ethyl  acetate. 

(2.)  C2H30(HO)  :  When  phosphorous  pentachloride  acts  on  acetic 
acid,  one  of  chlorine  takes  the  place  of  one  of  the  group  (HO)  (a) ; 
and  when  the  acetic  chloride  thus  formed  is  acted  on  with  water, 
one  of  the  group  (HO)  takes  the  place  of  1  of  chlorine  (/3),  as 
will  be  seen  in  the  following  equations.  This  formula  denotes,  there- 
fore, the  linking  together  of  the  H  and  0  to  form  (HO). 

(a.)  C2H,0. (HO)  +  PCl5=C„H30.  CI  +  HCl  +  POCI3. 
(/3.)  C2H3O.CI  +  H20=:C2H3b(HO)  +  HCl. 

PROXIMATE  ANALYSIS  OF  ORGANIC  BODIES. 

By  a  proximate  analysis  is  implied  the  separation  of  the  i^roximate 
principles  of  bodies,  as,  e.g.,  the  separation  of  milk  into  fat,  sugar, 
casein,  etc.  We  can  lay  down  no  general  rules  for  a  proximate,  as 
we  are  able  to  do  for  an  ultimate  analysis,  each  substance  requiring 
special  treatment. 

The  microscope  and  microscopic  reactions  afford  great  aid  in  proxi- 
mate analysis,  enabhng  us  to  detect  and  to  identify  various  bodies,  such 
as,  e.g.,  starch  cells  by  their  appearance  and  reaction  with  iodine  ; 
cellulin,  by  its  turning  blue  with  iodine,  after  having  been  first  mois- 
tened with  dilute  sulphuric  acid  ;  woody  tissue,  by  its  being  darkened 
by  sulphuric  acid,  and  turning  brown  on  being  afterwards  treated  with 
iodine  ;  corhy  tissue,  by  the  absence  of  any  change  with  sulphuric  acid 
or  with  iodine,  etc.,  etc.  Further,  in  separating  crystallizable  bodies, 
the  microscope  enables  us  to  detect  admixtures  by  the  presence  of 
crystals  of  different  orders. 

Dialysis,  again,  as  a  means  of  separating  crystalloids  from  colloids, 
affords  invaluable  aid. 

The  following  are  the  chief  physical  and  chemical  means  adopted 
for  separating  the  proximate  principles  of  organic  bodies. 

1.  By  spontaneous  exudation,  as,  e.g.,  gums,  resins,  etc. 

2.  By  mechanical  i^ressure,  as,  e.  g.,  oils  (linseed,  castor,  etc.) . 

3.  By  the  action  of  heat. — This  may  be  employed  either — 
(a.)  To  melt  out  resins  and  fats,  or 

(/3.)  To  sublime  the  volatile  acids  (benzoic),  or 

(y.)  To  distil  the  volatile  oils,  or 

(2.)  To  separate  admixtures  of  volatile  liquids  by  fractional  distil- 
lation. 
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4.  By  the  action  of  solvents : — 

(  cold  —  to  dissolve  gums,  sugar,  certain  coloring 
(a.)  Water  <  matters,  etc. 

boiling  —  to  dissolve  starch,  salts,  etc. 

Alcohol — to  dissolve  volatile  oils,  resins,  certain  alkaloids, 
coloring  matters,  etc. 

(y.)  Ether,  chloroform,  or  benzol — to  dissolve  fixed  oils,  camphor, 
caoutchouc,  certain  alkaloids,  etc. 

(S.)  Dilute  acids  and  alkalies — the  use  of  which,  however,  is  gene- 
rally to  be  avoided,  owing  to  the  changes  they  induce  in  the  organic 
body  itself. 
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CHAPTER  XX. 


THE  NATUKAL  AND  ARTIFICIAL  CHANGES  OF 
ORGANIC  BODIES. 

Fermentation— Varieties — I.  Alcoholic — II.  Lactic— III.  Butyric— IV.  Mucous — 
V.  Acetous— Conditions  necessary  for  Fermentation — Circumstances  influencing 
Fermentation — Theories  to  account  for  it — Practical  Applications.  Puteefaction 
— Disinfectants.  Eremacausis.  Action  of  Heat — Action  of  Acids — Action  of 
Alkalies — Action  of  Haloid  Elements — Action  of  Nascent  Oxygen  and  Hydro- 
gen— and  of  other  Reagents — Action  of  Light  and  Electricity. 

The  transformations  which  organic  bodies  undergo  are  twofold  : — 
(A.)  Natural  or  Spontaneous  ;  and  (B.)  Artificial. 

A— NATURAL  AND  SPONTANEOUS. 

It  may  be  stated  generally,  that  all  organic  substances  are  naturally 
prone  to  resolve  themselves  into  simpler  parts  or  groups.  This  reso- 
lution is  effected  in  one  of  three  ways  : — 

I.  By  Fermentation. 
II.  By  Putrefaction. 
III.  By  Eremacausis  or  Decay. 

I.  FERMENTATION. 

Definition. — "A  process  whereby  certain  organic  substances,  under 
the  influence  of  contact  with  a  nitrogenous  body  called  a  ferment, 
are  resolved  into  simpler  groups,"  We  may  note  that  fermentation  is 
accompanied  by  the  development  of  certain  minute  living  organisms, 
the  existence  of  which  may  be  either  a  cause  or  a  consequence  of  the 
chemical  change  ;  that  no  offensive  odors  are  evolved  during  the  pro- 
cess ;  and  that  the  products  are  most  often  of  a  useful  nature. 

We  shall  investigate  the  subject  of  fermentation  in  the  following 
order  : — 

1.  Its  principal  varieties. 

2.  The  conditions  necessary  for  its  existence. 

3.  The  conditions  influencing  its  action. 

4.  The  theories  to  account  for  it. 

5.  Its  practical  applications. 
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(1.)  The  Varieties  of  Fermentation. 

There  are  five  varieties  of  fermentative  action,  their  distinctive 
names  being  derived  from  the  principal  product  furnished  : — 

(a.)  The  alcoholic  or  vinous  fermentation,  in  which  alcohol  is  formed. 

The  lactic  fermentation,  in  which  lactic  acid  is  formed, 
(y.)  The  hdyric  fermentation,  in  which  butyric  acid  is  formed. 
(S.)  The  mucous  or  viscous  fermentation,  in  which  a  gummy  matter  is 
ormed. 

(e.)  The  acetous  fermentation,  in  which  acetic  acid  is  formed. 

(a.)  The  Alcoholic  or  Vinous  Fermentation :  i-e.,  a  fermenta- 
tion characterised  by  the  formation  of  alcohol.  This  results  from  the 
action  of  yeast  on  a  solution  of  grape  sugar,  ethylic  alcohol  and  car- 
bonic anhydride  being  the  chief  products.  The  change  of  95  per  cent, 
of  the  sugar  thus  fermented  may  be  represented  as  follows  : — 

CgHisOe    =       2C2H6O       +  2CO2 
Grape  sugar     =      Ethylic  alcohol     +     Carhonic  anhydride. 

But  besides  these,  other  products  are  formed  from  the  remaining  5 
per  cent,  of  sugar  ;  viz.,  free  hydrogen,  the  homologues  of  ethylic 
alcohol  (as  propylic,  butylic,  etc.),  a  hydrocarbon  of  the  CnHgn+s 
series,  glycerine  (to  the  extent  of  3  per  cent,  of  the  sugar  fermented 
(Pasteur)),  mannite,  acetic  acid,  succinic  acid  (0*5  per  cent.),  etc. 
Many  of  these  products  are,  however,  no  doubt  the  result  of  secondary 
action,  either  of  the  nascent  hydrogen  (as,  e.g.,  in  the  production  of 
glycerine,  mannite,  etc.),  or  of  the  nascent  oxygen  (as,  e.g.,  in  the 
production  of  succinic  acid)  resulting  from  the  decomposition  of 
water,  which  decomposition,  it  is  believed,  always  occurs  during  the 
process. 

The  active  agent  of  alcoholic  fermentation  is  believed  to  be  the  cells 
of  the  torula  cerevisia. 

It  is  to  be  specially  noted  that  cane-sugar  and  its  isomerides  {i.e., 
the  C12H22O11  group)  will  not  undergo  vinous  fermentation,  this  action 
being  limited  to  grape-sugar  and  its  isomerides  {i.e.,  the  CgHjaOg 
group).  The  change,  however,  of  cane-sugar  into  grape-sugar,  under 
the  influence  of  a  ferment,  is  rapid,  the  specific  gravity  of  the  liquid 
increasing  as  the  change  takes  place,  a  solution  of  cane-sugar  having 
a  lower  gravity  than  one  containing  an  equivalent  amount  of  grape- 
sugar. 

(/3.)  The  Lactic  Acid  Fermentation,  fermentation  charac- 
terised by  the  formation  of  lactic  acid.  This  results  from  the  action 
of  putrefying  cheese  or  milk  on  grape  or  milk-sugar.  It  is  necessary, 
in  order  to  neutralize  the  lactic  acid  as  soon  as  formed,  that  the  solu- 
tion should  contain  either  chalk  (in  which  case  a  calcium  lactate  is  pro- 
duced), or  zinc  white  (when  a  zinc  lactate  results),  the  presence  of  a 
trace  of  free  acid  entirely  preventing  the  continuance  of  the  fermenta- 
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tion  by  coagulating  the  casein  and  rendering  it  insoluble.  This  change 
into  lactic  acid  may  be  represented  as  follows  : — 

(a.)  CgHieOg  (glucose)  =  2C3H6O3  (lactic  acid). 

(/3.)  CiaHgoOn  (lactose)  +  B.„0  =  4O3H6O3  (lactic  acid). 
Mannite  is  also  formed  during  the  process.  It  is  necessary  that 
the  lactates  themselves  should  be  removed  from  the  action  of  the 
ferment  as  soon  as  possible,  otherwise  they  are  converted  into 
butyrates.  The  lining  membrane  of  the  stomach  of  the  calf  (rennet) 
and  animal  membranes  generally,  are  specially  active  in  inducing  this 
variety  of  fermentation.  In  the  case  of  milk,  the  casein  acts  as  the 
ferment  on  the  milk-sugar.  Hence  milk  contains  both  the  ferment 
itself,  and  the  body  to  ferment. 

The  active  agent  of  the  lactic  acid  fermentation  is  believed  to  be  the 
penicillium  glaucum. 

(r-)  The  Butyric  Fermentation,  a  fermentation  characterised 
by  the  formation  of  butyric  acid. 

This  results  from  the  prolonged  action  of  the  lactic  acid  ferment  on 
the  lactic  acid,  whereby  butyric  acid  (which  by  the  action  of  chalk  is 
converted  into  butyrate  of  lime)  together  with  free  hydrogen,  carbonic 
anhydride,  acetic  and  caproic  acids,  are  formed.  The  butyric  fer- 
mentation is  in  fact  the  advanced  stage  of  the  lactic  acid  fermentation. 
Thus  :— 

2C3H6O3  =     C4H8O2     +  2CO2  +  SHo. 

Lactic  acid    =    Butyric  acid    -\-    Carbonic  anhydride    -\-  Hydrogen. 

The  active  agent  of  the  butyric  fermentation  is  believed  to  be  the  same 
as  that  of  the  lactic  fermentation,  viz.,  the  penicillium  glaucum. 

(^.)  The  Mucous  or  Viscous  Fermentation,  i-e-,  a  fermentation 

characterized  by  the  formation  of  gummy  matters.  This  results  from 
the  action  of  certain  nitrogenous  substances  on  sugar,  a  gum  (arabin), 
mannite  (CeHi^Og)  a  non-crystallizable  sugar,  and  lactic  acid,  forming 
the  products.  This  fermentation  commonly  results  in  fermenting  the 
juice  of  the  sugar  beet.  It  sometimes  occurs  in  sweet  white  wines  that 
have  been  kept  too  long,  the  action  being  capable  of  arrest  by  the 
addition  of  a  little  alum  or  sulphurous  acid  to  the  wine.  It  does  not 
occur  in  red  wines,  the  astringent  matter  derived  from  the  grape  skins 
preventing  them  from  becoming  "  ropy." 

(e.)  The  Acetous  Fermentation,  i-e.,  a  fermentation  characterized 
by  the  formation  of  acetic  acid. 

This  results  from  the  action  of  the  acetous  ferment  (the  mycoderma 
aceti)  on  alcohol.  The  action  does  not  take  place  with  pure  alcohol, 
or  wlien  the  alcohol  is  simply  mixed  with  water,  its  admixture  with 
some  changeable  organic  substance  being  an  essential  condition. 

CjHgO  O2        =      C2H4O2      +  H2O. 

Alcohol       +       Oxygen       =       Acetic  acid      +  "Water. 
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This  action,  however,  can  scarcely  be  considered  fermentation,  but 
simply  a  process  of  oxidation  (decay),  the  mycoderm  acting  (1)  as  a 
carrier  of  oxygen  to  the  alcohol,  and  (2)  as  the  means  of  bringing  the 
oxygen  and  the  alcohol  into  actual  contact.  This  action  is  analogous 
to  that  which  occurs  in  the  oxidation  of  alcohol  to  aldehyde  and  to 
acetic  acid  by  spongy  platinum. 

The  active  agent,  as  we  have  said,  of  this  change  is  the  mycoderma 
aceti. 

Thus  it  would  appear  that  elementary  plants  have  the  power  of 
breaking  up  organic  bodies,  each  little  organism  having  its  own  special 
soil  on  which  to  work,  the  products  formed  being  dependent  both  on 
the  organism  and  on  the  soil. 

(2.)  The  Conditions  Necessary  to  Produce  Fermentation. 

(a.)  The  presence  of  a  ferment ;  that  is  of  a  nitrogenous  albuminous 
body  in  a  state  of  active  decomposition.  Illustrations  of  ferments  are 
found  in  Emulsin,  the  active  agent  of  the  bitter  almond  in  converting 
the  amygdalin  into  hydrocyanic  acid,  &c.  ;  in  Myrosin,  a  ferment-like 
substance  present  in  the  seeds  of  the  black  and  white  mustard,  which 
converts  the  myronate  of  potassium  into  the  oil  of  mustard  (C3H5CNS) 
together  with  glucose  and  hydric  potassic  sulphate  ;  in  Diastase,  a 
body  found  in  malt,  saliva,  &c.,  by  the  action  of  which  starch  is  con- 
verted into  glucose  ;  in  Casein,  which  in  milk  induces  lactic  acid 
fermentation  of  the  sugar  ;  and,  amongst  many  other  illustrations  that 
might  be  quoted,  in  Teast,  which  is  the  ordinary  ferment  employed  for 
setting  up  alcoholic  fermentation. 

This  last  ferment,  the  ordinary  beer  yeast,  has  been  specially  studied. 
When  the  yeast  is  merely  dried  at  a  low  temperature,  (forming  what  is 
called  "  dried  yeast,")  its  power  as  a  ferment  is  not  impaired,  but  if 
the  yeast  be  boiled  in  water  it  is  then  completely  destroyed.  "  German 
dried  yeast,"  consists  of  the  dried  yeast  cells  produced  in  the  fer- 
mentation of  rye  for  making  Hollands. 

Teast,  however,  is  a  complicated  ferment.  It  consists  of  two  kinds 
of  cells,  (1)  large  round  granular  cells  (torula  cerevisice),  ^and  (2)  cer- 
tain oval-shaped  cells  of  a  much  smaller  size  (penicillium  glaucum). 
If  the  yeast  be  mixed  with  water,  and  then  filtered  through  paper,  the 
smaller  cells  pass  through  with  the  water,  leaving  the  larger  cells  on 
the  filter  paper.  It  is  found  that  the  large  cells  generate  vinous,  and 
the  small  cells  lactic  fermentation,  when  they  are  added  respectively  to 
a  solution  of  sugar. 

When  yeast  is  added  to  a  solution  of  pure  sugar  it  sets  up  fermenta- 
tion, but  the  yeast-cells  are  for  the  most  part  destroyed  as  fermentation 
proceeds.  A  few  fresh  yeast-cells  may  be  formed,  but  if  so,  it  is  at  the 
expense  of  the  materials  produced  by  the  disintegration  of  other  yeast- 
cells.    Hence,  a  given  quantity  of  yeast  can  only  convert  a  limited 
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quantity  of  pure  sugar  into  alcohol.  When  the  yeast  is  added  to  a 
solution  of  8uga7;  the  solution  also  containing  nitrogen  in  some  form  or 
another,  and  phosphates,  it  then  not  only  ferments  the  sugar,  but  propa- 
gates itself.  Under  such  circumstances  the  addition  of  a  little  yeast, 
owing  to  its  rapid  growth,  will  convert  an  almost  unlimited  amount  of 
sugar  into  alcohol.  Thus  the  presence  of  nitrogen  and  phosphorus  in 
a  combined  form,  are  essential  conditions  for  the  growth  and  propaga- 
tion of  yeast-cells.* 

In  the  case  of  grape-juice  no  ferment  need  be  added,  as,  after  ex- 
posure to  the  air  for  an  hour,  or  even  less,  the  vegetable  albumen  in 
the  juice  undergoes  decay  by  oxidation,  and  acts  as  a  ferment  to  the 
sugar. 

It  has  been  suggested  that  certain  miasmata  act  as  blood-ferments, 
and  induce  the  diseases  ordinarily  known  as  zymotic  (^u/urj,  ferment) 
or  ferment-diseases. 

We  have  remarked  that  all  ferments  contain  nitrogen.  Nitrogen 
is  an  element  remarkable  for  rendering  the  bodies  in  which  it  occurs 
unstable.  The  chemical  relationships  of  nitrogen  are  worthy  of  note  ; 
it  stands  mid-way  in  the  chemical  scale  between  metals  and  metalloids, 
without  any  great  affinity  for  either  the  one  or  the  other.  It  combines 
both  with  oxygen  and  with  hydrogen  (and  indeed  with  most  bodies), 
but  its  direct  union  is  not  easily  effected.  Hence,  its  attractions 
being  equally  powerful  in  opposite  directions,  great  instability  inva- 
riably characterizes  the  compounds  in  which  it  is  present. 

(/3.)  A  body  to  ferment.  The  sugars  (glucoses)  are,  par  excellence, 
the  bodies  peculiarly  liable  to  ferment.  If  yeast  be  added  to  a  solu- 
tion of  gum  no  action  will  be  apparent,  nor  will  the  yeast  itself  be 
propagated.  The  action  of  yeast,  however,  is  not  confined  to  sugar  ; 
for  if  it  be  added  to  a  solution  of  malic  acid,  succinic,  acetic  and 
carbonic  acids  are  formed,  although  it  is  to  be  remarked  that  in  this 
case  the  yeast  itself  does  not  propagate. 

(y.)  The  actual  contact  of  the  ferment  and  the  body  to  be  fermented. — 
The  necessity  for  actual  contact  was  proved  by  Mitscherlich  as  follows  : 
A  glass  tube,  the  bottom  of  which  consisted  merely  of  a  piece  of  fine 
filter-paper,  was  partially  immersed  in  a  solution  of  sugar.  The 
solution  rapidly  penetrated  the  pores  of  the  paper,  and  filled  the  tube 
to  the  level  of  the  external  liquid.  A  small  quantity  of  yeast  was 
then  added  to  the  liquid  in  the  tube,  when  the  solution  contained  in  the 
tube,  after  a  short  time,  commenced  fermenting,  but  there  were  no 
signs  of  fermentation  in  the  solution  external  to  the  tube,  the  piece 
of  bibulous  paper  stopping  the  actual  contact  of  the  yeast-cells  with 
the  external  ^fluid  by  stopping  the  passage  of  the  yeast  globules, 
although  it  did  not  interfere  with  the  intercommunication  of  the 
liquids. 

*  Yeast  yields  from  6  to  8  per  cent,  of  ash,  wMch  consists  entirely  of  alkaline  and 
earthy  phosphates.  (Mitscherlich.) 


FERMENTATION. 


583 


(S.)  A  certain  temperature.  At  32°  F.  (0°C.)  fermentation  is  ar- 
rested. From  32°  F.  to  68°  F.  (0°  C.  to  20°  C.)  it  gradually  increases 
in  intensity  with  the  rise  of  temperature.  From  68°  F.  to  104°  F. 
(20°  C.  to  40°  C.)  it  is  most  active.  At  120°  F.  (49°  C.)  the  process  is 
again  stopped.  Hence  certain  times  of  the  year  are  preferable  for 
brewing  (especially  the  autumn),  the  temperature  at  such  times 
falling  within  the  proper  limits. 

(e.)  The  presence  of  moisture.  Water  is  necessary  to  bring  the  par- 
ticles into  contact.    Dry  yeast  and  dry  sugar  cannot  ferment. 

We  may  note,  lastly,  that  the  presence  of  air  is  not  necessary  for 
fermentation,  provided  the  previous  conditions  be  fulfilled. 

It  has  nevertheless  been  proved  by  Pasteur,  that  the  action  of  the 
air  in  the  process  of  fermentation  is  not  to  be  disregarded.  For  it 
may  act  either  (1)  as  a  carrier  of  the  ferment  germs,  or  (2)  as  an 
oxidiser,  inducing  the  decay  of  certain  nitrogenous  bodies  present  in 
a  solution,  thereby  rendering  them  capable  of  acting  as  ferments. 

(1.)  If  a  solution  of  sugar,  no  yeast  having  been  added,  be  exposed 
to  the  atmosphere,  it  becomes  loaded  before  long  with  the  lower  forms 
of  organic  life,  and  the  solution  begins  to  ferment.  If,  however,  the 
air,  before  being  allowed  to  come  into  contact  with  the  sugar  solution, 
be  sterilized,  either  by  passing  it  through  a  red-hot  tube,  or  through  a 
tube  containing  cotton-wool  (care  being  taken  that  the  saccharine 
liquid  itself  has  been  absolutely  freed  from  germs  by  previous  boiling), 
no  fermentation  will  occur  ;  but  if  the  dust  strained  from  the  air  by  the 
cotton-wool  be  placed  in  the  solution,  rapid  decomposition  of  the  sugar 
results. 

Hence  Pasteur  concludes  that  the  air  may  act  as  the  carrier  of  the 
seeds  necessary  to  start  fermentation  in  a  solution  disposed  to  ferment. 

(2.)  In  the  case  of  wine  juice,  which  ferments  spontaneously,  the 
air  is  supposed  to  oxidise  the  vegetable  albumen,  which  in  a  decom- 
posed state  is  capable  of  acting  as  a  ferment  on  the  sugar. 

(3.)  The  Circumstances  Influencing  Fermentation. 

The  following  circumstances  prevent  fermentation  : — 

(a.)  The  presence  either  of  an  excess  of  strong  mineral  acids,  or  of  a 
trace  of  free  alkali. 

(/3.)  The  p)resence  of  certain  salts  in  the  solution,  such  as  sulphites, 
NaCl,  AgNOa,  CuSO^,  etc. 

(y.)  The  presence  of  certain  alkaloids,  such  as  strychnia,  quinia,  etc. 
These  do  not,  however,  stop  fermentation,  if  added  after  the  process 
has  commenced. 

(2.)  The  presence  of  certain  essential  oils,  such  as  kreasote,  turpentine, 
etc. 

(e.)  A  solution  containing  more  than  one  fourth  its  weight  of  sugar.  The 
strength  of  the  sugar  solution  is  important.    If  it  be  too  strong, 
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fermentation  is  arrested,  or  rendered  imperfect ;  if  it  be  too  weak,  ihe 
action  is  slow  and  irregular. 

(^.)  A  tolution  containing  more  than  20  per  cent,  of  alcohol.  Hence 
no  fermented  liquor  can  contain  more  than  20  per  cent,  of  alcohol 
naturally.  Anything  in  excess  of  this  is  evidence  that  spirit  has 
been  added  (fortification)  after  the  fermentation  of  the  liquid  was  com- 
plete. 

Fermentation  is  influenced  by  many  other  causes.  Thus  

(1.)  The  products  formed  at  different  temperatures  vary.  Thus,  if 
yeast  be  made  to  act  at  a  temperature  of  70°  F.  (2M°C.)  on  malic 
acid,  it  forms  amongst  other  things  succinic  acid,  whilst  at  a  higher 
temperature  it  yields  butyric  acid. 

(2.)  The  alteration  of  pressure.  Fermentation  is  not  stopped  by 
placing  the  solution  in  a  vacuum,  but  it  is  stated  that  under  such 
circumstances  the  ratio  of  the  alcohol  to  the  carbonic  anhydride 
formed,  is  different  to  that  which  occurs  under  ordinary  atmospheric 
pressure,  the  CO2  as  well  as  the  hydrogen,  acetic  acid,  etc.,  becoming 
proportionately  greater.    (H.  Brown.) 


(4.)  The  Theories  to  Account  for  Fementation. 

We  may  note,  First,  that  the  ferment  is  destroyed  during  the  fer- 
mentative process,  the  propagation  and  growth  of  new  buds  being 
due  partly  to  the  disintegrated  cells  that  have  done  their  work,  but 
principally  to  the  nitrogenized  matters  and  phosphates  present  in 
the  solution.  Secondly:  that  during  the  disintegration  of  the  ferment 
cells,  the  body  undergoing  fermentation  breaks  up  into  simpler 
groups. 

These  being  admitted  facts,  we  may  now  notice  the  theories  to 
account  for  the  action  of  the  ferment. 

(1.)  Berzelius  explained  it  by  the  influence  of  a  force  which  he  called 
Catalysis,  a  word  signifying  Fermentation.  He  thus  assumed  the 
existence  of  a  new  force,  but  at  the  same  time  acknowledged  in- 
directly his  inability  to  perceive,  or  to  detect  the  force,  and  the  im- 
possibility of  explaining  its  action. 

2.  Pasteur^s  theory  is  as  follows.  The  ferment,  he  considers,  grows 
and  multiplies  at  the  expense  of  the  sugar.  This  act  of  the  ferment 
in  withdrawing  from  the  sugar  a  portion  of  its  constituent  matter,  he 
regards  as  essential  to  the  process  of  fermentation,  and  the  primary 
cause  of  the  sugar  itself  breaking  up  into  simpler  groups. 

3.  Liebig  admits  that  the  ferment  may  multiply  at  the  expense  of 
the  sugar,  but  at  the  same  time  refuses  to  admit  that  the  withdrawal 
of  the  matter  from  the  sugar  necessary  for  the  propagation  of  the 
yeast  cells,  is  the  cause  of  the  phenomena  of  fermentation.  He  con- 
siders that  fermentation  is  due  to  the  active  state  of  change  going 
on  within  the  yeast  cell  being  communicated  to  the  sugar  in  actual 


FERMENTATION. 


585 


contact  with  it,  thereby  inducing  in  the  sugar  the  breaking  up  process 
that  the  yeast  cell  itself  is  undergoing ;  in  other  words,  that  the  dis- 
turbance going  on  in  the  yeast  is  mechanically  communicated  to  the 
sugar,  thereby  effecting  its  breaking  up  and  re-arrangement.  Hence, 
according  to  Liebig,  if  the  yeast  grows  at  the  expense  of  the  sugar,  it 
is  merely  to  maintain  a  supply  of  the  material  necessary  to  keep  it  in 
a  continuous  state  of  disturbance. 

This  theory  is  not  unphilosophical  although  theoretical.  That  one 
body  in  motion  may  communicate  its  motion  to  another  body  not  in 
motion,  thereby  overturning  the  existing  equilibrium  of  that  body,  is 
a  phenomenon  of  constant  occurrence. 

(5.)  The  Practical  Applications  of  the  Process  of  Fermentation. 

(a.)  Alcoholic  Fermentation.  (1.)  Wine-making.  The  expressed 
grape-juice  (the  must)  is  first  of  all  freely  exposed  to  the  air.  The  air 
decomposes  the  vegetable  albumen  of  the  juice,  and  this  at  once  acts 
as  a  ferment  on  the  grape  sugar.  If  the  sugar  be  in  excess  and  the 
albumen  deficient,  we  obtain  a  sweet  wine ;  if  the  sugar  be  deficient,  and 
the  albumen  in  excess,  a  dry  wine  results.  During  fermentation,  argol 
(acid  potassic  tartrate)  is  deposited,  owing  to  its  insolubility  in  dilute 
spirit.  This  circumstance  constitutes  the  superiority  of  the  grape 
over  all  other  fruits  for  wine-making — the  separation  of  the  acids  of 
other  fruits,  such  as  of  gooseberries  and  currants  (viz.,  malic  and  citric 
acids)  not  being  effected  during  fermentation,  and  their  taste  con- 
sequently requiring  to  be  masked  by  the  addition  of  an  excess  of 
sugar. 

The  color  of  red  wines  is  derived  from  the  grape  skins.  Effer- 
vescent wines  are  bottled  before  fermentation  is  complete. 

(2.)  In  Irewing — the  barley  has  first  to  be  malted.  Malting  consists 
in  setting  up  germination,  by  the  combined  action  of  air,  heat,  and 
moisture  on  the  seed,  and  then  stopping  germination  by  drying  the  seed 
at  UO°r.  (60°  C.)  The  object  of  this  is  to  convert  (by  oxidation)  the 
gluten  of  the  seed  into  Diastase  (liaaTaaiQ,  decomposition),  a  peculiar, 
ferment-like  body  which  has  the  power  of  changing  the  insoluble 
starch  of  the  seed  first  into  dextrin,  and  finally  into  soluble  grape 
sugar.  In  nature,  this  process  is  necessary  in  order  to  supply  the 
germ  with  its  first  food,  which  must  be  presented  to  it  in  a  soluble 
form.  The  malt  is  then  bruised,  treated  with  water,  and  the  liquid 
set  aside  for  some  time — any  unconverted  starch  in  the  malt  being 
thus  brought  into  contact  with  the  diastase,  and  its  complete  conversion 
into  sugar  effected.  One  part  of  diastase  will  convert  2,000  parts 
of  starch  into  grape  sugar,  but  the  power  of  the  diastase  is  itself 
exhausted  during  the  process.  The  malt-mash  is  now  strained,  the 
clear  liquor  constituting  what  is  called  "  the  wort,"  and  the  undis- 
solved portion  "brewer's  grains."    The  clear  liquor  is  now  boiled 
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with  hops,  the  bitter  resinous  principle  of  which  (lupuline)  not  only- 
gives  flavour  to  the  beer,  but  prevents  it  undergoing  acetous  fer- 
mentation. It  is  finally  mixed  with  yeast,  when  the  beer  "  works," 
that  is  "  ferments,"  the  sugar  splitting  up  into  alcohol  and  carbonic 
acid. 

The  malt  used  in  the  manufacture  of  porter  is  partially  caramelized 
or  "high  dried." 

(3.)  In  spirit-making,  the  distiller  prepares  a  wort  or  "  wash,''''  like 
the  brewer,  with  this  exception,  that  he  mixes  4  parts  of  unmalted 
with  1  part  of  malted  grain,  the  diastase  of  the  latter  being  sufficient 
to  convert  the  whole  of  the  starch  of  the  former  into  sugar.  Thus, 
much  of  the  labour  and  expense  of  malting  is  avoided.  Moreover  the 
distiller  has  no  need  to  add  hops  to  his  wort,  nor  to  consider  the 
details  of  fermentation  as  the  brewer  is  compelled  to  do,  except  that 
it  should  be  as  complete  as  possible.  A  large  quantity  of  spirit  is 
prepared  from  potatoes  and  also  from  corn,  the  starch  of  which  may 
be  converted  into  sugar  by  admixture  with  a  little  malt.  In  both 
cases,  however,  a  small  quantity  of  a  very  acrid  oil  (fusel  oil)  accom- 
panies the  ethylic  alcohol,  and  this  it  is  the  duty  of  the  rectifier  to 
separate  by  careful  distillation,  the  fusel  oil  being  less  volatile  thau 
the  alcohol. 

(4.)  In  bread-making,  a  little  yeast  is  mixed  with  the  dough,  the 
object  being  to  render  the  bread  light  and  spongy.  The  sugar  of  the 
flour  ferments,  generates  carbonic  anhydride,  which  causes  the  bread 
to  "  rise,"  the  spirit  formed  during  "  the  working,"  escaping  when  the 
bread  is  baked. 

Ammonic  carbonate,  sodium  carbonate  and  hydrochloric  acid,  and 
lastly  a  stream  of  pure  carbonic  acid  (Dauglish),  have  been  suggested 
in  bread- making  in  the  place  of  yeast.  In  ancient  days,  a  piece  of 
dough  in  a  state  of  incipient  putrefaction  (leaven)  was  used  as  a  fer- 
ment. 

(/3.)  The  lactic  fermentation.— This  is  seen  in  the  ordinary  decomposi- 
tion of  milk  into  curds  and  whey.  Koumiss  is  fermented  mare's  milk. 
It  is  a  spirituous  liquor. 

(y.)  The  acetous  fermentation. — Illustrations  of  "  acetification  "  may 
be  noticed  in  beer  turning  sour,  the  acidity  being  due  to  acetic 
acid  ;  and  also  in  what  is  called  the  "  quick  vinegar  process."  This 
latter  consists  in  allowing  a  heated  mixture  of  alcohol  and  yeast  (the 
yeast  being  added  to  supply  the  necessary  nitrogenous  matter)  to 
trickle  over  wood  shavings  soaked  in  vinegar,  the  wood  shavings 
serving  as  points  of  attachment  for  the  mycoderm.  It  is  essential  that 
the  supply  of  air  be  very  free.  If  the  supply  of  air  be  limited,  alde- 
hyde is  formed,  and  much  loss  of  vinegar  results  : — 

C^HfiO      +         O         =       CeH.O      +  HeO; 
Alcohol      +       Oxygen       =       Aldehyde      +  Water; 
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but  if  the  supply  of  air  be  free,  aldehyde  is  not  formed,  or  if  it  be 
formed,  is  immediately  oxidised  : — 

CsHgO  +  Oo  =  C2H4O2  +  H2O. 
Alcohol       4-       Oxygea       =      Acetic  acid      +  "Water. 

The  French  wine-vinegar  is  prepared  from  light  wines,  by  first  mix- 
ing them  with  a  little  boiling  vinegar,  and  then  allowing  the  mixture 
to  trickle  over  wood  shavings  into  casks. 

The  English  malt  vinegar  is  prepared  from  an  infusion  of  malt, 
which  is  allowed  to  undergo  both  the  alcoholic  and  the  acetous  fer- 
mentation. Commercial  vinegar  may  by  law  contain  the  thousandth 
part  of  its  volume  of  sulphuric  acid,  for  the  purpose  of  preventing  its 
turning  mouldy. 

11.  PUTEEFACTION. 

Definition. — A  spontaneous  change  common  to  all  nitrogenised 
organic  bodies  when  exposed  to  the  air,  whereby  they  are  resolved 
into  new  and  sunpler  products.     The  action  is  accompanied  by  the 

<  evolution  of  unpleasant  gases,  which  are  for  the  most  part  compounds 

<  of  sulphur  and  phosphorus. 

It  differs  from  fermentation,  in  that  unpleasant  products  are  evolved, 
I  as,  e.g.,  in  the  decomposition  of  a  dead  body.  Moreover,  a  putrescible 
I  body  is  always  a  nitrogenised  body,  which  at  a  certain  temperature  in 
I  contact  with  air  and  moisture,  decomposes,  and  then  becomes  capable 
( of  acting  as  a  ferment. 

It  differs  from  eremacausis  or  decay  in  that  it  is  not  oxidation,  al- 
t  though  air  is  necessary  in  the  first  instance  to  start  the  action.  Modern 
i investigations  lead  us  to  believe  that  the  air  may  be  the  carrier  of 
i  spores  or  ova,  having  the  power  of  inducing  the  change.  This  is 
I  assumed  because  a  body  liable  to  putrefaction,  does  not  putrefy  if  it  be 
"<  boiled  in  a  flask,  and  when  boiling,  the  neck  of  the  flask  plugged  with 

<  cotton  wool.  Nevertheless,  we  see  a  relationship  between  eremacausis, 
^putrefaction  and  fermentation.  Putrefaction  is  commenced,  like  decay 
( or  eremacausis,  by  the  action  of  the  air,  whilst  the  putrescent  body  is 

<  capable  of  inducing  fermentation  in  fermentable  solutions.  Moreover, 
llike  fermentation,  putrefaction  is  always  accompanied  by  the  develop- 
ment of  certain  minute  living  organisms,  fungi  and  infusoria. 

(1.)  The  Conditions  Necessary  for  Putrefaction. 

(a.)  Air. — The  presence  of  air  is  essential  only  at  the  commence- 
oment  of  the  process,  and  not  after  putrefaction  has  fairly  commenced, 
ilts  progress  is  then  independent  of  any  aid  external  to  itself.  Thus 
ifruits  and  meats  are  preserved  in  sealed  air-tight  tins. 

(/3.)  Moisture.— A  perfectly  dry  body  does  not  putrefy.  Thus  vege- 
rtables  when  perfectly  dry  may  be  preserved  for  a  considerable  time 
(Masson's  patent).  The  preservative  action  of  sugar  and  salt  has  been 
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ascribed  by  some  to  their  attraction  for  moisture,  and  their  power  of 
withdrawing  it  from  the  putrescible  body. 

(y.)  A  temperature  between  40°  and  200°  F.  (4-5°  and  93-5°  C).  Cold 
prevents  putrefaction  by  inducing  cohesion.  Thus  fish  are  preserved 
in  ice.  The  stories  of  bodies  of  men  and  animals  having  been  pre- 
served in  the  ice  of  polar  regions  for  many  years  are  numberless. 
Warmth  destroys  cohesion,  and  thus  aids  putrefaction,  whilst  too  great 
a  heat  destroys  the  body  by  burning  it  up. 

(2.)  Means  of  Preventing  Putrefaction. 

By  the  general  term  "  disinfectant "  we  include  antiseptics  and 
deodorizers. 

An  antiseptic  is  an  agent  that  prevents  putrefaction,  and  entirely 
stops  the  evolution  of  offensive  gases. 

A  deodorizer  is  an  agent  that  either  absorbs  or  destroys  offensive 
gases,  but  does  not  prevent  their  formation — in  other  words,  does  not 
prevent  putrefaction. 

Disinfectants  are  of  two  kinds — natural  and  artificial : — 

1.  Natural  disinfectants — 

(a.)  The  Atmosphere.  This  acts  (1)  mechanically  by  its  power  of 
removing  foul  vapors  and  other  matters,  and  (2)  chemically  by  effect- 
ing their  oxidation. 

(/3.)  Water.  Its  action  is  chiefly  mechanical.  In  a  river,  during  its 
flow,  the  organic  matter  becomes  disintegrated,  rapid  purification  by 
the  oxygen  in  solution  in  the  Avater  resulting.  Every  shower  of  rain 
purifies  the  air.  Besides  cleansing  powers,  water,  by  reason  of  its 
endosmic  action,  is  inimical  to  the  corpuscular  structures  of  many 
specific  contagia,  destroying  their  vitality  by  bursting  their  cell-like 
envelopes. 

(y.)  Soil.  The  power  of  soil  is  manifested  in  our  graveyards.  Owing 
to  its  porosity  it  effects  the  oxidation  of  decomposing  matter.  In  the 
presence  of  alkalies,  ammonia  is  rapidly  oxidized  to  nitric  acid,  the 
ferric  oxide  present  acting  as  a  purveyor  of  atmospheric  oxygen. 

(^.)  Light. 

(e.)  Heat  and  Cold.  Vaccine  matter  loses  its  power  at  140°F. 
(60°  C.)  and  the  virus  of  scarlet  fever  at  204°  F.  (9o'5°  C).  The 
common  vibrio  is  destroyed  at  300°  F.  (149°  C),  and  the  black  vibrio 
at  400°  F.  (204-5°  C).  Others  assert  that  none  of  the  lower  organisms 
will  bear  a  temperature  of  266°  F.  (130°  C.)  in  air,  or  of  230°  F. 
(110°  C.)  in  water.  [Note.— A  heat  of  250°  F.  (121°  C),  aided  by  a 
jet  of  steam,  may  be  safely  used  in  disinfecting  textile  fabrics.] 

2.  Artificial  disinfectants. 

(a.)  Mineral  acids];  such  as  sulphurous,  nitric,  hydrochloric,  sulphuric 
and  chromic  acids.  In  this  order,  they  have  the  power  of  stopping 
the  development  of  infusoria  in  organic  solutions,  sulphurous  acid 
being  the  least,  and  chromic  acid  the  most  powerful. 
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(jj.)  Organic  acids;  sucli  as  carbolic,  cresylic,  acetic,  picric,  benzoic 
acids  ;  benzoic  being  the  most  powerful,  and  acetic  the  least  so. 

(y.)  Alkalies.  Lime,  potash,  soda,  and  ammonia  are  only  active  dis- 
infectants when  used  in  a  concentrated  form.  Lime  is  used  in  stables 
for  the  purpose  of  assisting  the  oxidation  of  the  organic  matter. 

(p.)  The  haloids.  Iodine  acts  as  a  mild,  and  chlorine  as  a  powerful, 
disinfectant.  Chloride  of  soda  ("  Labarraque's  Liquid ")  ;  chloride 
of  zinc  ("  Sir  Wm.  Burnett's  Fluid  "),  the  action  of  which  is  due  to 
its  power  of  coagulating  albumen  and  of  absorbing  ammonia  and  sul- 
phuretted hydrogen  ;  chloride  of  aluminium  ("  chloralum "),  which  is 
neither  an  aerial  disinfectant  nor  possesses  the  slightest  deodorising 
power  ;  common  salt  and  other  chlorides  are  also  frequently  used. 

(e.)  Mineral  Sidphates.  Sulphates  of  zinc,  of  iron  ("  Mudie's  Dis- 
infectant "),  of  alumina  and  of  copper  act  as  disinfectants,  the  action 
being  dependent  on  their  power  of  coagulating  and  destroying  living 
organisms,  and  of  neutralizing  offensive  miasms. 

(^.)  Potassic  Permanganate  and  Chlorozone.  These  destroy  dead 
organic  matter,  but  have  very  little  action,  so  far  as  we  know,  on  living 
organic  matter. 

(tj.)  Volatile  Oils;  Camphor;  Turpentine,  etc.  These  hinder  the 
development  of  fungi  and  animalcules,  and  are  said  to  generate  ozone. 
It  was  believed  in  former  times  that  aromatic  herbs  about  a  house 
warded  off  pestilence. 

(d.)  Charcoal  and  other  porous  bodies.  The  action  of  such  bodies  is 
due  to  their  power  of  absorbing  noxious  gases,  and  effecting  their 
destruction  by  bringing  them  into  contact  with  condensed  atmospheric 
oxygen.  But  it  must  be  remembered  that  it  is  essential  for  the  ac- 
tion of  charcoal  that  there  should  be  a  free  supply  of  atmospheric  air. 

Note,  as  regards  disinfectants,  the  following  practical  hints  : — 

1.  Certain  disinfectants,  such  as  chlorine,  chloride  of  lime,  sul- 
phurous acid,  carbolic  acid,  and  volatile  oils,  are  aerial  disinfectants, 
and  may  be  used  for  the  purification  of  air  ;  whilst  others,  such  as 
chloralum,  permanganate,  of  potash,  chlorozone,  the  mineral  sulphates, 
chloride  of  zinc,  etc.  are  useless  for  the  purpose  of  purifying  the  air 
of  a  sick  room,  inasmuch  as  they  are  not  volatile. 

2.  Neither  chlorine,  hypochlorous  acid,  carbolic  acid,  nor  sulphurous 
acid  can  be  used  to  disinfect  a  chamber  when  a  person  is  living  in  it, 
the  quantity  required  efficiently  to  effect  this  object  rendering  the 
atmosphere  absolutely  irrespirable.  Hence  perfect  disinfection  is  only 
possible  when  a  room  is  vacated.  The  combustion  of  1^  ozs.  of  sul- 
phur to  every  100  cubic  feet  of  space  in  a  room,  is  necessary  to  effect 
good  disinfection. 

3.  Chloride  of  zinc  and  strong  carbolic  acid  being  corrosive  bodies, 
should  not  be  used  for  the  disinfection  of  textile  fabrics,  but  are  valu- 
able for  such  purposes  as  the  disinfection  of  fajcal  mutter,  etc. 

4.  In  disinfecting  clothing  at  the  sick  house,  boil  the  articles  in  water 
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and  then  steep  them  in  a  solution  of  carbolic  acid  (fiv.  to  1  gallon), 
To  disinfect  clothes  completely,  however,  they  should  be  submitted  first 
to  sulphurous  acid,  and  then  for  at  least  six  hours  to  a  temperature  of 
from  240°  to  250°  F.  (115-5°  to  121°  a). 

5.  In  disinfecting  stables,  cattle  lairs,  slaughter-houses,  etc.,  there 
is  nothing  better  than  lime,  on  account  of  its  detergent  as  well  as  of  its 
disinfecting  properties. 

6.  Tn  the  treatment  of  sewage,  lime  and  alumina  act  as  excellent 
defecatory  and  precipitating  agents. 

III.  EREMACAUSIS  (vpefioe  gentle,  Kavaie  combustion)  Decay. 

Definition. — The  decomposition  of  moist  organic  bodies  oxidation 
into  simpler  groups,  or,  in  other  words,  the  slow  burning  of  organic 
bodies.  This  action  is  unaccompanied  by  any  sensible  elevation  of 
temperature.  It  is  seen  in  the  decay  of  wood,  where  a  brown  powder 
(ulmin  or  humus)  is  left,  the  hydrogen  oxidizing  more  readily  than  the 
carbon  ;  also  in  the  drying  of  oils,  solidification  being  attended  with  the 
absorption  of  oxygen  (which  has  been  known  to  be  so  rapid  that  com- 
bustion has  resulted)  ;  also  in  the  formation  of  acetic  acid  from  alcohol; 
and  in  many  other  processes. 

(1.)  The  Conditions  necessary  for  Decay. 

(a.)  The  free  access  of  atmospheric  air. — There  are  reasons  to  believe 
that  the  active  agent  in  inducing  eremacausis  is  ozone  (see  page  77). 
Thus  bodies  are  found  to  be  specially  prone  to  decay  after  a  thunder- 
storm, during  which  ozone  is  largely  developed.  Ozone,  however, 
never  accumulates  in  the  air,  but  is  used  as  fast  as  formed  to 
oxidize  organic  matter  and  vapours  of  organic  origin.  It  is  however 
more  than  probable  that  ordinary  oxygen  can  carry  on  the  process  or 
decay  when  once  the  action  has  been  started — although  it  must  be 
remembered  that  the  development  of  ozone  itself,  is  a  consequence  or 
result  of  eremacausis,  the  decaying  body  furnishing  the  active  agent 
necessary  for  its  further  destruction. 

(/3.)  The  presence  of  moisture. — Perfect  dryness  suspends  decay,  as 
it  does  fermentation  and  putrefaction.  A  body  which  is  incapable  of 
absorbing  oxygen  when  dry  will  often  do  so  when  moist.  Thus  in  the 
"  grass  bleaching  "  of  calicoes,  where  oxidation  (eremacausis)  only  is 
relied  upon  for  effecting  the  destruction  of  the  coloring  matters  (a 
part  of  the  cotton  itself  being  oxidized  at  the  same  time),  it  is  found 
to  be  necessary  to  keep  the  fabrics  moistened  with  water. 

Thus  again,  in  the  formation  of  coal  and  peat,  the  presence  of 
moisture  is  an  essential  condition. 

(y.)  A  certain  temperature. — Cold  by  increasing  cohesion  interferes 
with  decay;  at  the  freezing  point  32°  F.  (0°  C.)  decay  is  arrested. 
Warmth  by  its  opposite  action  effects  decay. 
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(2.)  The  Circumstances  Influencing  Eremacausis. 

(a.)  The  action  is  pro7noted  by  waiinth. 

(jS.)  The  action  is  jyromoted  by  the  presence  of  alkalies.  Thus  in  the 
formation  of  nitres  the  oxidation  of  ammonia  takes  place  in  the 
presence  of  a  powerful  base  (see  page  321). 

(y.)  The  action  is  checked  by  certain  antiseptic  salts. 

(3.)  The  action  is  promoted  by  the  contact  of  an  eremacausing  body. 
Just  as  one  body  on  fire  is  capable  of  inflaming  a  body  not  on  fire,  so 
a  body  undergoing  decay  can  by  contact,  produce  decay  in  a  substance 
liable  to  it.  To  prevent  this  contact  oranges  are  packed  in  paper, 
etc.,  etc. 

(f.)  The  action  is  promoted  by  the  presence  of  porous  substances,  such  as 
charcoal,  etc.,  whereby  the  oxygen  is  absorbed  and  condensed,  and  its 
actual  contact  with  the  body  effected. 

(4^.)  The  action  is  promoted  by  an  excess  of  ozone  in  the  atmosphere, 
such  as  occurs  under  certain  atmospheric  conditions. 

(B.)  ARTIFICIAL  DECOMPOSITION. 

I.  Action  of  Heat  on  Organic  Bodies. 

Heat  decomposes  all  organic  matter,  whereby  new  products  (called 
products  of  destructive  distillation)  are  formed.  These,  on  cooling,  never 
resolve  themselves  into  the  same  states  of  combination  in  which  they 
existed  originally  in  the  organic  body.  The  more  complicated  the 
organic  body,  the  more  easily  is  it  decomposed  by  heat. 

Heat  acts  on  many  inorganic  compounds  ;  sometimes  these  products 
do  not  re-combine  on  cooling,  but  most  often  the  action  of  the  heat  is 
reversed  when  the  temperature  is  lowered.  For  example,  calcium 
hydrate  (CaHgOa)  by  heat  is  resolved  into  lime  (CaO)  and  water  (HgO), 
but  these  on  cooling  again  combine  to  form  calcium  hydrate. 

Heated  in  the  open  air,  some  organic  bodies  sublime,  e.g.,  benzoic 
acid  ;  others  partly  decompose,  e.g.,  gallic  acid  (CyHgOs)  yields  pyro- 
gallic  acid  (CgHgOa)  and  carbonic  anhydride  ;  others  simply  burn 
(their  carbon  forming  carbonic  acid,  and  their  hydrogen  water),  by 
combining  either  with  their  own  oxygen  or  with  the  oxygen  of  the 
air. 

When  organic  bodies  are  heated  in  closed  vessels,  the  process  is 
known  as  "destructive  distillation."  Simpler  and  more  stable  com- 
pounds are  formed,  a  residue  of  carbon  mixed  with  the  incombustible 
ash  remaining  in  the  retort. 

The  products  of  destructive  distillation  vary  with  the  body  operated 
on,  and  with  the  temperature  employed  :  — 

(1.)  This  may  be  noticed,  for  example,  in  the  distillation  ofnon-nitro- 
genised  bodies,  such  as  wood  : — 

(a.)  At  the  lowest  temperature,  compounds  are  given  off  containing 
much  oxygen,  such  as  water,  acetic  acid,  carbonic  anhydride,  etc. 
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(/3.)  At  a  higher  temperature,  the  compounds  evolved  contain  less 
oxygen,  such  as  carbonic  oxide,  wood  spirit,  kreasote,  etc. 

(y.)  At  a  still  higher  temperature,  various  hydrocarbons  distil  over, 
such  as  toluene,  xylene,  and  the  different  forms  of  paraffin,  etc.;  whilst 

(g.)  At  a  temperature  approaching  redness,  pure  hydrogen  predo- 
minates. 

Some  of  the  Products  of  the  Action  of  Heat  on  Coal. 


COMPOUNDS,  Etc. 


(A)  Coal  Gas. 
Marsh  gas  (Methane)  . . 
defiant  gas  (Ethane)  . .    . . 
Acetylene  (Ethine) 

Hydrogen   

Carbonic  oxide  

Nitrogen   

Vapors  of  various  hydro- 

carhons   

Vapor  of  carbon  disulphide 
Sulphuretted  hydrogen 

Carbonic  acid   

Tar  and  volatile  oils    . . 
Ammonia   

(B)  Ammonia  Water. 
Ammonium  carbonate  . . 
,,         sulphide    . . 
, ,  cyanide 
,,        sulphocyanide  . . 

(C)  Coal  Tak. 
Neutral  hydrocarbons, 
[Liquid.) 

Benzene   

Toluene  

Xylene  ,  

Cumene  

[Solid.) 

Naphthalene  

Anthracene  

Chrysene   

Pyrene  . . 

Phenauthrene   

Alkaline  products. 

Ammonia   

Aniline  

Picoline . .     . .   

QuinoUne  (leucoliae)  . . 
Pyridine   

Acid  products. 
Carbolic  acid  (phenol) 
Cresylic  acid  (cresol)  . . 
Acetic  acid  


Formula. 


CH, 
C,H, 

CO 
N 


cs, 

HjS 
COj 

NH, 


CnH,, 


Ci4H,o 
CjgHij 

^16^10 


NH3 
CeH,N 
CeH,N 

CgH^N 

C,H,N 


CyHgO 

C^H.O, 


o  SO 

<D  •«-€ 


16 
28 
26 
1 
28 
14 


76 
34 
44 

17 


78 
92 
106 
120 


128 
178 
228 
202 
178 


17 
93 
93 
129 
79 


94 
108 
60 


02  c;i5 


o  P-  ^ 

o 


1-272 


0-880 
0-872 
0-865 
0-870 


1-153 
1-147 


1-02 

0-  961 

1-  081 
0-980 


1-066 
1-050 
1-06 


0-559 

0-92 

0-0693 

0-973 


2-67 

1-171 

1-624 


2-77 
0-87 
0-87 
0-85 


4-628 
6-741 


3-21 

3-  29 

4-  519 
2-92 


Boiling  point. 


109-4 


177 

230 
284 
338 


413-6 

680 
824 
700 
644 


360 
271 
462 
242 


370 
397 
243 


43 


80- 
110 


212 
360 
440 
382 
340 


182 
136 
239 
117 


187 
117 


Fusing  I 
point. 


F. 


0 


174 

416 
450 
288 
208 


96 
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(2.)  In  the  case  of  nitrogenised  bodies,  such  as  coal,  a  part  of  the 
nitrogen  is  evolved  as  ammonia  and  basic  bodies  allied  to  it  (such 
as  aniline  (CgH^N),  quinoline,  pyridine,  etc.),  and  also  as  cyanogen  : 
whilst  a  part  of  the  nitrogen  remains  in  the  still,  together  with  the 
carbonaceous  residue. 

It  will  be  convenient  here  to  notice  the  products  of  the  destructive 
distillation  of  Coal  and  of  Wood,  the  former  serving  as  an  illustration 
of  the  action  of  heat  on  a  nitrogenized  body,  and  the  latter  of  heat 
on  a  non-nitrogenized  body. 

(1.)  The  Products  of  the  Distillation  of  Coal  (or  other 

nitrogenized  substances). 
The  coal  is  distilled  in  retorts,  connected  with  which  are  iron 
delivery  pipes.  These  ascend  perpendicularly  for  a  few  feet,  and 
then  curving  round,  dip  below  the  liquid  contents  of  a  large  horizontal 
pipe,  called  "  the  hydraulic  main,"  which  acts  both  as  a  water  valve, 
and  as  a  receiver  for  the  delivery  pipes  from  the  retorts.  This  pipe 
receives  the  tar  and  the  gas  liquor,  through  which  the  impure  gas 
bubbles.  Thus  we  obtain  the  coke  in  the  retort,  and  the  gas,  the  gas- 
water,  and  the  coal  tar,  as  the  products  of  the  distillation. 

1.  Coal  Gas. — [A  ton  of  coal  yields  in  practice  from  9,500  to 
11,000  cubic  feet  of  gas.] 

Coal  gas  is,  as  the  table  shows,  a  compound  of  a  variety  of  gases 
and  vapors.  The  relative  proportion  of  the  several  constituents  is  in- 
fluenced by  the  temperature  at  which  the  gas  is  prepared.  The  heat 
should  always  be  at  its  maximum  at  the  commencement  of  the  opera- 
tion, (a.)  If  it  be  too  high,  the  heat  of  the  retort  decomposes  the 
marsh  and  olefiant  gases  and  hydrocarbon  vapors,  carbon  being  de- 
posited in  the  retort  (gas  carbon).  An  excess  of  hydrogen  therefore 
escapes,  and  the  illuminating  power  of  the  gas  suflPers  in  consequence. 
Hence  the  use  of  exhausters  in  order  to  hasten  the  exit  of  the  gas  from 
the  retorts.  Moreover,  at  a  high  temperature,  bisulphide  of  carbon  is 
formed,  the  complete  removal  of  which  from  the  gas  is  practically  im- 
possible. (J3.)  If  the  heat  be  too  low,  the  gas  contains  too  great  an 
excess  of  solid  and  liquid  hydrocarbons,  which  tend  to  block  up  the 
tubes.  These  facts  are  well  shown  in  a  table  (from  Bloxam), 
illustrating  the  composition  of  coal  gas  at  different  periods  of  its 
distillation  : — 


In  100  volumes. 

Ist  hour. 

6th  hour. 

10th  hour. 

Olefiant  gas  and  volatile  hydrocarbons  . . 
Marsh  gas  . . 
Carbonic  oxide  . . 

Hydrogen  

Nitrogen    , .    . . 

13-0 
82-5 
3-2 

0-  0 

1-  3 

7-0 
66  0 
11-0 
21-3 

4-7 

0-0' 
20-0 
10-0 
60-0 
10-0 
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The  increase  of  the  carbonic  oxide  at  the  fifth  hour  may  arise  from 
the  carbon  decomposing  the  HgO  at  high  temperatures,  and  the  in- 
crease of  the  nitrogen  from  the  decomposition  of  the  ammonia. 

The  gas  as  it  leaves  the  hydraulic  main  needs  purificaticn.    This  is 
efiected  by  various  contrivances  : — 

(1.)  The  Condensers  (i-efrigerators)  consist  of  a  series  of  bent  iron 
pipes  through  which  the  gas  is  made  to  travel.  By  thus  exposing  a 
large  surface  of  the  gas  to  the  air,  any  tar  or  ammonia  liquor  that 
escapes  the  hydraulic  main,  owing  to  the  gas  being  superheated,  will 
be  condensed. 

(2.)  The  Scrubber  is  a  tower  filled  with  wet  coke  or  other  material. 
By  this  means  the  removal  of  the  ammonia  from  the  gas  is  effected. 
[The  evil  of  the  scrubber  is  that  it  diminishes  the  illuminating  power 
of  the  gas,  by  removing,  at  the  same  time  as  the  ammonia,  a  portion  of 
the  more  condensable  hydro-carbons.] 

(3.)  The  Purifiers. — The  object  of  these  is  to  remove  the  carbonic 
anhydride  (which  is  said  to  decrease  the  illuminating  power  of  the  gas) 
and  also  the  sulphuretted  hydrogen,  and  other  sulphur  impurities,  such 
as  CSo,  COS,  etc. 

To  get  rid  of  carbonic  acid  and  suljihuretted  hydrogen  (and  also  of 
sulphocyanogen,  cyanogen,  etc.),  purifiers  are  employed  containing 
either — 

(a.)  Lime,  a  carbonate  and  a  sulphide  of  lime  being  formed,  or, 

(/3.)  Oxide  of  iron  (FcgOg)  (mixed  with  sawdust  to  prevent  caking). 
Oxide  removes  sulphuretted  hydrogen  and  hydrocyanic  acid  only  from 
the  gas.  (Thus,  FcoOa  +  SHoS  =  2FeS  + S-f-SH^O.  With  hydro- 
cyanic acid,  Prussian  blue  or  some  similar  compoimd  is  formed.) 

The  great  advantage  of  oxide  is  the  ease  with  which  the  iron 
sulphide  can  be  again  converted  into  oxide  (revivified),  by  exposure 
to  air.  The  oxide  may  be  used  for  gas  purification  over  and  over 
again,  the  sulphur  collecting  in  the  mass,  until  finally,  after  repeated 
revivifications,  the  percentage  of  sulphur  present  in  the  oxide  renders 
it  of  commercial  value  for  the  manufacture  of  oil  of  vitriol  {see  p.  181). 

To  get  rid  of  sulphur  impurities  other  than  the  sulphuretted 
hydrogen,  many  processes  have  been  suggested,  of  which  the  following 
are  the  most  important : — • 

(a.)  Sidphide  of  lime. 

(/3. )  JSi/  washing  with  the  ammoniacal  liquor. 

(y.)  Bij  the  action  of  steam  at  a  high  temperature,  whereby  COg  and 
HgS  are  formed,  both  of  which  are  easily  removed  from  the  gas  : — 

CSa        +      2H2O      =        COo        +  2H2S. 
Carbonic      +       Water        =       Carbonic       +  Sulphuretted 
disulphide  anhydi-ido  hydrogen. 
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(5.)  By  red-hot  lime  : — 

CSo       4-     3CaO     =     CaCO,    +  2CaS. 
Carbonic       -f-       Lime       =       Calcic       +  Calcic 
disulphide  carbonate  sulphide. 

(e.)  By  a  solution  of  lead  oxide  in  caustic  soda : — 

CSg      +   2PbO  +  2NaH0  =     2PbS     +  m^COs  +  HgO. 

Carbonic  +  Lead  +  Sodic  =  Plumbic  +  Sodio  +  "Water, 
disulphide  oxide  hydrate  sulphide  carbonate 

Finally  the  gas  passes  to  the  gasometer. 

It  has  been  suggested  to  mix  a  certain  small  percentage  (2'5  per 
cent.)  of  lime  with  the  coal,  whereby  the  sulphur  products  evolved  in 
the  gas  are  considerably  reduced. 

(2.)  The  Gas  Iiiquor. — From  this  liquor  containing  numerous 
ammoniacal  salts  (chiefly  the  carbonate,  sulphide,  cyanide  and 
sulpho-cyanide),  the  various  salts  of  ammonia  in  commerce  are  ob- 
tained, either  by  the  direct  action  of  acids  on  the  liquor,  or  by  setting 
free  ammonia  by  distillation  with  lime. 

(3.)  The  Coal  Tar. — This  is  distilled  in  iron  retorts. 

The  tar  contains  three  sets  of  products  :  (a)  those  volatile  at  a  low 
temperature ;  (/3)  those  volatile  at  a  high  temj)erature  ;  (y)  those  not  vola- 
tile at  the  temperature  of  the  still, 

(a.)  Those  volatile  at  a  low  temperature. — The  distillate  which  in  the 
first  instance  comes  over  with  the  steam  is  called  light  oil,  from  its  having 
a  less  specific  gravity  than,  and  consequently  floating  on,  the  condensed 
water.    Every  100  parts  of  tar  yield  about  10  per  cent,  of  light  oil. 

The  light  oil  contains  benzene,  toluene,  xylene,  cymene,  etc.,  con- 
taminated with  more  or  less  dead  oil.  The  light  oil  is  again  distilled, 
the  distillate  forming  what  is  called  coal  naphtha,  a  quantity  of  '  heavy 
oil' remaining  in  the  retort.  The  coal  naphtha  is  purified  by  shaking 
it  up,  first  with  sulphuric  acid,  whereby  basic  substances  are  removed, 
then  with  a  dilute  solution  of  potash  to  separate  carbolic  acid,  etc.,  and 
finally  with  water.  When  decanted  from  the  water,  it  forms  "  rectified 
coal  naphtha."  This  composite  liquid  may  be  separated  into  its  various 
constituents  by  fractional  distillation  : — 

From  175°  to  180°  F.   (79-4°  to  82-2°  C.)  it  yields  pure  benzene. 
„    180°  „  230°  F.   (82-2°  „    110°  C.)       „       „  ? 
„    230°  „  235°  F.   (110°    „    113°  C.)       „       „  toluene. 
„    284°  „  293°  F.   (140°    „   145°  C.)       „       „  xylene. 
„    336°  „  342°  F.  (168-9°  „    172°  C.)       „       „  cymene. 
Commercially  that  portion  which  distils  over  between  175°  and 
250°  F.  (79-5°  and  121-1°  C),  is  designated  and  sold  as  benzol  or 
benzene. 

(/3.)  Those  volatile  at  a  high  temperature. — These  constitute  the  liquid 
called  "dead  oil,"  or  "yellow  oil,"  from  its  peculiar  color,  or  "heavy 
oil,"  from  its  being  heavier  than,  and  therefore  sinking  in,  water.  The 
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last  portions  that  distil  over  become  nearly  solid  on  cooling.  Every 
100  parts  of  tar  yield  about  25  per  cent,  of  dead  oil. 

Dead  oil  contains  carbolic  acid,  naphthalene,  anthracene,  aniline, 
quinoline,  etc. 

Amongst  the  first  products  of  the  distillation  of  dead  oil,  is  carbolic 
acid  (CsHgO).  It  comes  over  chiefly  between  300°  and  400°  F.  (149° 
and  250°  C),  and  is  largely  used  for  creosoting  timber. 

Amongst  the  last  products  of  tar  distillation  is  anthracene  (C14H10), 
a  body  of  great  commercial  value  in  the  manufacture  of  artificial  ali- 
zarine. The  first  portion  of  the  anthracene  that  distils  over,  is 
mixed  with  naphthalene  (CioHg),  and  the  last  with  chrysene  (CigHis)- 
Anthracene  is  purified  in  the  first  instance  by  re-distillation,  the  first 
and  last  portions  being  rejected.  The  intermediate  portion  is  purified  by 
crystallizing  either  from  its  solution  in  alcohol,  or  in  coal  oils  boiling 
between  212°  and  248°  F.  (100°  and  120°  C.)- 

(y.)  Those  not  volatile.— These  constitute  the  black  residue  in  the 
retort  called  pitch.  It  is  used  in  the  preparation  of  Brunswick  black, 
asphalt,  etc. 

By  the  action  of  heat  on  horny  matters,  similar  products  to  those 
already  described  are  formed,  the  ammonia  (hartshorn)  being  pro- 
duced in  great  quantity,  owing  to  the  richness  of  horn  in  nitrogen. 

(2.)  The  Products  of  the  Distillation  of  Wood  (or  other 

non-nitrogenized  substances). 
The  following  exhibits  the  difEerence  in  the  ultimate  chemical  com- 


Per  100  parts. 

Carbon. 

Hydrogen. 

Nitrogen. 

Oxygen. 

79-5 

5-5 

1-9 

13-1 

Wood  (dried  oak) 

51-6 

6-7 

0-2 

42-5 

We  note,  therefore  : — 

(1.)  That  in  wood  there  is  about  one-third  less  carbon  than  in  coal. 

(2.)  That  in  wood  there  is  a  mere  trace  of  nitrogen  (0-2  per  cent.), 
whilst  in  coal  the  quantity  of  nitrogen  is  considerable  (1-9  per  cent.). 

(3.)  That  in  wood  there  is  more  than  three  times  as  much  oxygen 
as  in  coal. 

(4.)  That  the  proportion  of  hydrogen  in  both  is  about  the  same. 
From  this  we  should  expect  that  in  the  destructive  distillation  of 
wood  compared  with  that  of  coal  : — 

(1.)  The  gases  evolved  would  be  less  illuminating. 

(2.)  The  nitrogenized  products,  such  as  ammonia,  etc.,  produced, 

will  be  less  in  quantity. 

(3.)  A  great  excess  of  oxidized  products,  such  as  water,  carbonic 
acid  and  oxide,  acetic  acid,  etc.,  will  be  formed. 
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The  wood,  contained  iu  an  iron  cage,  is  placed  in  a  retort  and  heated. 
Wood  charcoal  remains  in  the  retort,  and  the  products  of  the  distilla- 
tion are  as  follows  : — 


Wood  Tar, 


Solids. 


Piiraffin   r„H, 

I^aphthalene    G,nU, 

Cedriret  (Coerulignone)    . . 


an +2 


Pyrene  C.gHio 

Chrysene    ^iB^n 

Eesin   


Toluene    C.Hg 

^yleiie  

Cymene    C,oH„ 

Kreasote    C,HgO 

Kapnomor   CjoH^O 

Eupione    CjH,^ 


Liquids. 


Pyroligneoua    or  acetic 


acid  C^H^Oj 


Wood  naphtha 
Acetate  of  methyl 
Formate  of  methyl 


CH,0 


CH3.CHOJ 


Acetone  CgllgO 

Water  


Gases. 

Marsh  gas   CH4 

Carbonic  oxide     ..     ..     .'   CO 

Carbonic  acid    CO2 

The  wood  generally  employed  is  what  is  known  as  "cord  wood," 
i.e.,  the  trimmings  of  trees  too  small  for  timber.  The  wood  is  usually 
weathered  from  six  months  to  a  year  before  being  distilled,  in 
order  to  get  rid  of  some  of  the  moisture.  The  wood  of  the  willow 
and  alder  is  commonly  sorted  out  and  carefully  barked,  the  charcoal 
obtained  from  these  being  found  in  practice  to  be  that  best  suited  for 
gunpowder. 

The  wood,  placed  in  iron  boxes,  is  wheeled  into  an  oven,  usually 
constructed  of  a  size  sufficient  to  receive  about  30  cwt.  of  wood. 
This  done,  the  door  of  the  oven  is  securely  luted  on.  The  ovens 
are  so  constructed  that  the  fire  plays  around  the  oven,  without 
coming  into  direct  contact  with  the  wood.  An  iron  pipe,  connected 
with  the  oven,  conveys  the  distillate  from  the  wood  through  a  cold- 
water  condenser,  the  condensed  liquid  being  received  into  a  closed 
wooden  trough.  This  trough  requires  to  be  properly  and  efficiently 
ventilated  to  prevent  accident,  the  condensable  gases  either  being 
allowed  to  escape  or  else  utilized  as  a  source  of  heat. 

The  condensed  liquid  distillate  (equal  to  about  130  gallons  per  ton 
of  wood  carbonised)  is  then  conveyed  into  a  large  tank  (sump),  where 
the  tar  smks  to  the  bottom,  leaving  a  more  or  less  clear  fluid  floating 
upon  It.  The  tar  is  pumped  from  the  tank  into  the  tar  still,  whilst  the 
supernatant  acid  liquid  is  run  into  large  wooden  tanks. 

rius  acid  liquor  (consisting  of  wood  spirit,  pyroligneous  acid,  etc.)  is 
now  thoroughly  mixed  with  lime  in  the  proportion  of  about  3  cwt.  of 
ime  to  1,000  gallons  of  liquor.  This  mixture  is  allowed  to  rest  for  some 
or  eight  hours,  a  quantity  of  impurities  subsiding  with  the  excess  of 
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lime.  The  clear  liquid  is  now  pumped  into  an  iron  still,  holding  from 
700  to  800  gallons,  and  heated  by  a  steam  coil  ;  the  condensed  pro- 
duct from  this  still,  after  successive  distillations,  constituting  "  melhylic 
alcohol"  or  the  "  misoible  naphtha  "  of  commerce.  The  residue  in  the 
retort  (a  solution  of  pyrolignate  of  lime)  is  now  drawn  off  and  eva- 
porated to  dryness  in  open  pans,  the  waste  heat  of  the  ovens  being 
usually  employed  for  the  purpose.  This  product  is  sold  as  crude 
"  acetate  of  lime."  The  yield  of  crude  acetate  is  about  140  lbs. 
per  ton  of  wood  carbonised.  It  commonly  contains  about  73  per  cent, 
of  anhydrous  lime  acetate. 

The  tar  still,  which  is  usually  constructed  of  a  size  to  hold  about 
800  gallons,  is  heated  by  a  naked  fire,  the  distillation  of  each  charge 
occupying  about  seventy-two  hours.  The  first  distillate  that  comes  over 
constitutes  "  solvent  naphtha  "  (not  to  be  confounded  with  the  miscible 
naphtha  or  methylic  alcohol).  This,  when  re-distilled,  is  sold  to  the 
varnish  makers.  When  all  the  naphtha  has  come  over  (the  distillate 
being  tested  from  time  to  time  by  noting  its  inflammability)  the  next 
two  distillates  of  the  tar — first  a  watery  fluid  (practically  pyroligneous 
acid),  and  afterwards  an  oily  liquid — are  conveyed  into  the  tank  which 
receives  the  liquid  distillate  from  the  wood,  and  are  treated  along 
with  it.  The  residue  of  the  tar  still  ("  pitch  ")  is  allowed  to  cool  in  the 
retort  for  about  twelve  hours,  and  is  then  run  off  into  the  pitch  house, 
which  should  be  an  hermetically  sealed  chamber.  Here  it  remains 
until  it  is  perfectly  cold  and  solid,  the  time  required  for  perfect  cooling 
being  about  forty-eight  hours. 

Every  ton  of  wood  carbonized  yields  about  20  gallons  of  tar.  Every 
800  gallons  of  tar  (a  charge)  yields  about  36  gallons  of  crude  solvent 
naphtha,  the  purified  naphtha  being  about  two-thirds  of  the  crude 
naphtha.  About  one  ton  of  pitch  is  obtained  from  every  800  gallons 
of  tar  distilled. 

The  distillation  of  the  wood  being  complete  (the  time  occupied  in 
such  distillation  varying  from  eighteen  to  twenty-four  hours),  the  iron 
boxes  are  withdrawn  from  the  oven  and  immediately  closed  with  iron 
lids  carefully  luted  in  order  to  prevent  the  slightest  contact  of  air 
during  the  cooling  of  the  charcoal.  The  process  of  cooling  occupies 
about  twenty-four  hours. 

II.  Action  of  Acids  on  Organic  Matters. 

(1.)  Sulphuric  Acid. — This  acts  on  organic  bodies  in  different  ways, 
as  follows  : — 

(a.)  It  may  combine  with  the  organic  body.  Examptles : — Organic 
bases  become  sulphates.  Alcohol  (CoHgO)  becomes  sulphovinic  acid 
or  acid-ethylic-sulphate  (C2H5,HS04).  Benzoic  acid  (C7H6O0)  be- 
comes sulpho-benzoic  acid  (C^HgOs.SOa).  Benzol  (CgHe)  becomes 
sulpho-benzohc  acid  (C6H6,S03).  Glycerine  (C3H8O3)  becomes  sulpho- 
glyceric  acid  (CgHgOajSOa). 
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(/j.)  It  may  decompose  the  organic  bpdy.  Examples : — Oxalic  acid 
(CoHA  =  COo+CO  +  HoO);  formic  acid  (CHgOo  =  CO  +  H^O),  etc. 

(y.)  It  may  abstract  the  elements  of  water  from  the  organic  body. 
Examples  : — Thus  sugar  is  carbonized  by  it.  Alcohol  (C2H5O)  becomes 
ether  (C4H10O). 

(S.)  It  may  introduce  the  elements  of  water  into  the  organic  body. 
Examples  : — Dextrine  (CgHioOs)  becomes  glucose  (CgHjaOs). 

(f.)  It  may  dissolve  the  organic  body  and  effect  an  alteration  in  its 
color.  Example : — Salicine  is  turned  of  a  bright  red  color  by  the 
action  of  the  acid. 

(2.)  Nitric  Acid.  With  some  organic  bodies  (as  morphia)  nitric  acid 
produces  a  deep  red  color.  The  strong  acid  in  many  cases  effects  the 
complete  destruction  of  the  substance  on  which  it  acts.  For  example, 
sugar  is  broken  up  into  water  and  carbonic  acid.  The  chemical  effects 
of  the  dilute  acid  on  organic  bodies  vary  as  follows  : — 

(a.)  It  may  combine  with  the  organic  body.  Examples : — With 
basic  bodies  it  forms  salts.  Ethylamine  (CgH^N)  becomes  ethylamine 
nitrate  (C2H7N,HN03). 

(j8.)  It  may  effect  the  oxidation  of  the  organic  body.  Examples  : — 
Sugar  (CioHooOn)  and  starch  (CgHioOg)  form  oxalic  acid  (C2II2O4)  ; 
gum  (C12H22O11)  forms  mucic  acid  (CgHioOa). 

(7.)  It  may  form  substitution  products  with  the  organic  body. 
Thus,  nitryl  (NOg)  may  be  substituted  for  hydrogen,  forming  nitro- 
compounds, which  are  generally  explosive.  Examples : — Benzene 
(CgHs)  becomes  nitro-benzene  (C6H5(N02))  ;  cellulin  (CsHioOs)  be- 
comes guncotton  (C6H7(N02)305)  ;  glycerine  (CgHgOs)  becomes  nitro- 
glycerine (C3H5(N02)303). 

(3.)  The  Haloid  Acids  (HCl  ;  HBr  ;  HI). 

(a.)  These  acids  may  combine  with  the  organic  body,  as  in  the  case 
of  the  alkaloids,  the  compound  ammonias,  and  various  unsaturated 
compounds.  Examples:  Ethylamine  (CoH^N)  becomes  ethylammonic 
chloride  (CgH^NjIICl)  ;  turpentine  (CxoHig)  becomes  hydrochlorate  of 
dadyle,  or  artificial  camphor  (CjoHig-HCl).  (The  same  change  occurs 
by  the  action  of  HCl  on  most  essential  oils.)  Fumaric  acid  (C4H4O4) 
becomes  bromo-succinic  acid  (C4H404,HBr)  ;  ethylene  (C2H4)  becomes 
mono-iodo-ethane  (C2H4,HI)  ;  hydrocyanic  acid  (HCN)  becomes  hy- 
driodate  of  formylamine  (HCN, HI). 

f/3.)  The  substitution  of  the  chlorine,  bromine,  or  iodine  of  the  acid 
for  the  group  (HO)'  may  result.  This  happens  more  particularly 
in  the  case  of  the  alcohols  and  oxy-acids.  Examples: — Alcohol 
(CoH5(H0))  becomes  ethylic  iodide  (C2H5I)  ;  oxy-proprionic  acid 
(C3H5(HO)02)  becomes  bromo-proprionic  acid  (CaH^BrOg). 

[In  the  case  of  hydriodic  acid,  it  effects  the  immediate  decomposi- 
tion of  the  iodine  substitution  compounds,  the  iodine  being  replaced 
by  hydrogen.    Thus  hydriodic  acid  is  a  powerful  reducing  agent,  for 
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it  first  of  all  replaces  HO  by  I,  and  then  instantly  replaces  the  I  by 
H.] 

(4.)  Phosphoric  Acid. — The  anhydride  acts  as  a  dehydrating  agent. 
Example: — Glycerine  (CjHgOa)  becomes  acrolein  (C.jH^O). 

III.  Action  of  the  Fixed  Alkaline  Hydrates  on  Organic 

Bodies. 

(1.)  They  may  combine  with  the  organic  body,  as,  e.g.,  where  salts 
are  formed  with  organic  acids,  etc.  Examples : — Potassic  acetate. 
Camphor  (CioHisO) +  I^HO  forms  potassic  campholate  (CioHj^KOa). 

(2.)  They  may  act  as  oxidising  agents,  forming  acids,  with  the  dis- 
engagement of  hydrogen.  Example : — Acetic  acid  is  formed  by  the 
action  of  potassic  hydrate  on  alcohol  : — 

CcHgO  +         KHO         =      KC2H3O2      +  2H2. 
Alcohol     +     Potassic  hydrate     =     Potassic  acetate     +  Hydrogen. 

If  the  organic  body  be  a  nitrogenised  body,  the  nascent  hydrogen 
combines  with  the  nitrogen  to  form  ammonia. 

(3.)  On  chlorine,  or  on  a  haloid  substitution  product,  alkalies  may 
effect  (a)  the  replacement  of  the  halogen  by  the  group  (HO),  or 
remove  the  halogen  in  part  or  wholly  from  the  compound  : — 

(a.)  C2H5CI     +       KHO        -        KCl  +  C2H5(HO). 

Ethylic  chloride    +    Potassic  hydrate    =    Potassic  chloride    +  Alcohol. 

(/3.)C2H3Br+       KHO       =        KBr       +H2O+  C2H2. 
Bromethylene  +  Potassic  hydrate  =  Potassic  hromide  +  "Water  +  Acetylene. 

(4.)  The  amides  (that  is,  compounds  of  amidogen  fNHg)'  with  an 
acid  radical,)  are  decomposed  by  the  alkaline  hydrates,  their  nitrogen 
being  evolved  as  ammonia,  whilst  the  metal  (K  or  Na)  forms  a  salt  with 
the  corresponding  acid.  Example  : — Acetamide  (NHgjCaHgO)  becomes 
ammonia  (NH3)  and  potassic  acetate  (KO,C2H30). 

IV.  Action  of  Alkaline  Carbonates  on  Organic  Matter. 

When  an  organic  body  containing  nitrogen  is  fused  with  an  alkaline 
carbonate,  carbonic  oxide  is  evolved,  cyanogen  (as  a  cyanide  of  the 
metal,)  being  formed.    Thus — 

K2CO3       +    C4    +    N2     =     2KCN      +  300. 
Potassic  carbonate  +  Carbon  +  Nitrogen  =  Potassic  cyanide  +  Carhonic  o.xide. 

V.  Action  of  the  Haloid  Elements  on  Organic  Bodies. 

(1.)  Chlorine: — 

(a.)  It  may  combine  with  the  organic  body,  forming  an  additive 
compound.  This  happens  in  the  case  of  certain  non-saturated  com- 
pounds. Example  : — Benzene  (CgHg)  becomes  benzene  hexachloride 
(CfiHgClg). 

(/3.)  It  may  in  the  presence  of  water,  oxidize  the  organic  body. 
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CsH^Og          Acetic  acid 

C0H3CIO2...  Chloracetic  acid 
C2HCI3O2...  Trichloracetic  acid 


Example  :  —  Benzoic  aldehyde  (C7H6O)  becomes  benzoic  acid 
(C7H6O2). 

(y.)  It  may  effect  the  removal  of  hydrogen  (as  IICl)  from  the 
organic  body  with  the  substitution  of  chlorine,  forming  a  substitution 
product.  This  substitution  may  be  complete  or  partial,  depending  upon 
the  substance  acted  upon,  the  temperature,  etc.    Thus  we  have  : — 

CH4   Methane 

CH3CI  ....  Chlor-methane 
CHgClg    •••  Dichlor-methane 

CHCI3   Trichlor-methane 

CCI4    Tetrachlor-methane 

(S.)  It  may  effect  the  removal  of  hydrogen  (as  HCl)  from  the  or- 
ganic body,  but  without  substitution  of  chlorine  for  it.  Example  .-—By 
acting  with  chlorine  on  alcohol  (CeHgO),  we  form  aldehyde  (C2H4O") 
(CaHgO  +  Cl2=CoH40  +  2HC1). 

(2.)  Bromine.  — The  action  of  bromine  is  in  all  respects  similar  to, 
but  less  intense  than,  that  of  chlorine. 

(3.)  Iodine. — ^Like  chlorine  and  bromine,  but  less  actively  than 
either,  iodine  forms  (1)  additive  compounds  (such  as  CgHJajwith  non- 
saturated  bodies,  and  (2)  also  acts  as  an  oxidizing  agent.  Unlike 
chlorine  and  bromine,  however,  it  does  not  form  substitution  products 
by  direct  combination,  unless  (1)  the  hydriodic  acid  formed  be  imme- 
diately decomposed  by  some  such  means  as  by  the  addition  of  mercuric 
oxide  to  the  mixture,  whereby  Hglg  is  formed  (HgO  +  2HI  =  Hglg  + 
HgO),  or  of  iodic  acid,  when  free  iodine  is  produced  (HIO3  +  oHI  = 
3Io+  SHgO);  or  (2)  by  the  decomposition  of  other  chlorine  and  bromine 
compounds  with  potassium  iodide.  For  example: — lodacetic  acid 
(C0H3IO0)  may  be  formed  from  bromacetic  acid  (CgHaBrOg)  by  the 
action  of  potassium  iodide.  The  intense  action  of  hydriodic  acid  on 
iodo-derivatives,  explains  the  difficulty  of  forming  substitution  com- 
pounds by  the  direct  action  of  iodine. 

VI.  Action  of  Nascent  Oxygen  on  Organic  Bodies. 

The  nascent  oxygen  for  this  purpose  is  commonly  liberated  by 
the  action  of  dilute  sulphuric  acid  on  potassium  dichromate. 

1.  The  oxygen  may  combine  with  the  organic  body.  Example:— 
Aldehyde  (C2H4O)  becomes  acetic  acid  (C2H4O2). 

2.  It  may  decompose  the  organic  body,  forming  two  or  more 
oxidized  compounds. 

3.  It  may  simply  remove  hydrogen  from  the  organic  body. 
Example :— Alcohol  (CjHgO)  becomes  aldehyde  (CjH^O). 

4.  It  may  remove  hydrogen  from  the  organic  body,  the  oxygen 
replacing  it  in  equivalent  quantity.  Exajnple :— Alcohol  (CsHgO) 
becomes  acetic  acid  (CsH^Oy). 

5.  It  may  remove   hydrogen,  the  oxygen  replacing  it  by  twice 
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its  equivalent  quantity.  Example : — Naphthalene  (CioHe)  becomes 
naphtho-quinone  (CioHgOo). 

6.  If  the  oxidation  be  intense,  then  (as  in  combustion)  the  carbon 
and  hydrogen  of  the  organic  body  may  be  converted  into  water  and 
carbonic  anhydride,  the  sulphur  oxidized,  the  nitrogen  and  the  haloid 
elements  being  set  free. 

The  changes  thus  effected  by  the  oxidation  of  organic  bodies,  are 
remarkable,  and  of  great  interest.  By  the  action  of  nascent  oxygen 
on  salicine  (viz.,  by  distilling  it  with  dilute  sulphuric  acid  and  potassic 
bichromate)  we  obtain  the  artificial  oil  of  the  spirsa,  or  meadow- 
sweet. Uric  acid  (C5H4N4O3)  by  oxidation  becomes  alloxan 
(C4H2N2O4),  alloxan  by  oxidation  becoming  urea  (CH^NgO).  By 
the  action  of  nascent  oxygen  on  amy  lie  alcohol  (fusel  oil)  (C5H10O) 
we  form  valerianic  acid  (CsHioOo),  etc. 


VII.  Action  of  Nascent  Hydrogen  on  Organic  Bodies. 

Free  hydrogen  has  no  action  on  organic  bodies,  but  nascent  hydrogen 
acts  in  many  cases  powerfully.  Nascent  hydrogen  may  be  set  free  either 
by  (1)  the  action  of  water  on  sodium  amalgam,  or  (2)  by  the  action  of 
dilute  sulphuric  acid  on  zinc  or  of  hydrochloric  acid  on  tin. 

1.  The  hydrogen  may  combine  with  the  organic  body.  Example: — 
Ethene  oxide  (CoH^O)  forms  alcohol  (CoHgO). 

2.  The  hydrogen  (2  atoms)  may  remove  oxygen  (1  atom)  from  the 
organic  body.  Example  .—BQnzoxc  acid  (€711602)  + Hg  becomes  ben- 
zoic aldehyde  (C7H60)+H20. 

3.  The  hydrogen  may  effect  the  removal  of  the  haloid  elements. 

4.  The  hydrogen  may  remove  oxygen  and  the  haloid  elements,  and 
be  substituted  for  them  in  the  compound  {inverse  substitution).^  The 
hydrogen  may  be  substituted  either  (a)  in  equivalent  quantities,  or 
(/3)  one-half  the  equivalent  of  oxygen  removed.    Thus — 

2H2      =      H2O      +  C7H7,HO. 

Benzylic  alcohol. 

3H2     =     2H2O     +  C6H5(NH2). 

Aniline. 


(a.)      C^HsCHO  + 
Benzoic  acid 

(/3.)     C6H5(N02)  + 

Nitrobenzene 


VIII.  Action  of  Other  Reagents  on  Organic  Bodies. 

1.  Zinc  chloride,  hydric-potassium  sulphate,  sulphuric  and  phos- 
phoric oxides,  act  as  dehydrating  agents. 

2.  Phosphoric  chloride  (PCI5)  either  (a)  removes  hydrogen  from 
the  organic  body,  an  equivalent  of  chlorine  being  substituted  for  it; 
or  (/3),  removes  oxygen  from  a  compound,  replacing  it  by  its  equi- 
valent' of  chlorine  ;  or  (y),  removes  hydroxyl,  one  of  the  group  HO 
being  replaced  by  one  of  chlorine. 

3.  Sulphurous  acid  is  a  powerful  reducing  agent.    In  the  presence 


ORGANIC  BODIES. 


603 


of  a  third  body  having  a  tendency  to  combine  with  hydrogen,  it  de- 
composes water  and  forms  sulphuric  acid  by  combining  with  the 
oxygen,  hydi'ogeu  being  set  free. 

4.  Chromic  acid.  This  acid  acts  as  a  powerful  oxidizing  agent  on 
organic  bodies. 

IX.  The  Action  of  Light  and  Electricity  on  Organic  Bodies. 

(1.)  The  Action  of  Light. — The  combinations  of  chlorine  with  many 
organic  bodies,  is  as  much  influenced  by  light,  as  the  combination  of 
chlorine  and  hydrogen.  Thus  chlorine  and  benzene  combine  imme- 
diately in  bright  sunlight,  slowly  in  diffused  light,  but  not  at  all  in  the 
dark.  The  decomposition  of  hydrocyanic  acid  is  greatly  accelerated 
by  light  :  hence  the  acid  is  preserved  in  blue  bottles.  Moreover,  in 
some  cases  the  compound  formed  differs  according  to  the  intensity 
of  the  light ;  thus  a  mixture  of  chlorine  and  mono-chlor-propylene 
(C3H5CI)  forms  di-chlor-propylene  (C3H4CI2)  in  the  dark,  but  the 
compound  (C3H5CI3)  in  bright  sunlight. 

A  well-known  action  of  light  is  its  power  of  forming  the  green 
chlorophyll  of  leaves  ;  but  we  note  also  a  special  action  of  sunlight  in 
elaborating  organic  compounds  generally,  in  the  organisms  of  growing 
plants. 

(2.)  The  Action  of  the  Galvanic  Current. — The  organic  body  is  often 
decomposed,  oxygen  being  formed  at  the  positive  pole,  and  hydrogen 
at  the  negative  (from  the  decomposition  of  the  water),  these  bodies 
acting  powerfully  in  their  nascent  condition  on  the  organic  compound. 

Professor  J.  H.  Gladstone  and  Mr.  Tribe  have  published  a  series  of 
researches  on  the  action  of  the  copper-zinc  couple  ;  that  is,  a  very 
intimate  mixture  of  powdered  copper  and  zinc.  By  means  of  the 
galvanic  power  generated  by  the  action  of  this  mixed  metallic 
powder,  the  preparation  and  the  decomposition  of  many  organic 
compounds  have  been  effected.  For  example  —  the  preparation  of 
zinc  ethyl  (Zn(C2H5)2),  ethyl  hydride  (C2H5.H),  diamyl,  zinc  amyl 
(Zn{C5Hn)2),  amyl  hydride  (CsHn-H),  methyl  hydride  (CH3.H),  ace- 
tylene (C2H2),  propylene  (C3Hg),  propyl  hydride  (C3H7.H);  also  the 
discovery  of  zinc  propyl  (Zn(C3H7)2),  zinc  isopropyl,  zinc  propiodide 
(ZnCsH^.I),  and  the  ethylo-haloid  compounds  (as  ZnCgHgBr);  also  the 
isolation  of  diallyl,  the  conversion  of  nitrates  into  ammonia  (Thorpe), 
etc.,  etc. 
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CYANOGEN  AND  ITS  COMPOUNDS. 

Cyanogen— Hydrocyanic  Acid — Cyanides — Compounds  of  Cyanogen  with  the  Haloids 
and  with  Hydroxyl— Sulphocyanic  Acid — Douhle  Cyanogen  Salts — The  Nitro- 
prusiides— Prussian  Blue — Reactions  of  Cyanogen  Compounds. 

CYANOGEN. 

ON  or  Cj.    Molecular  weight,  52.    Molecular  volume,  \    \    |.  Specific 
gravity,  1-801.  Fuses  at  —29-2°  F.  (  —  34°  C).  Boils  at  — 5-3°  F. 
(-20-7°  C). 
Derivation. — (/cuavoe,  blue  ;  ytwau),  I  produce.) 
History. — Discovered  by  Gay  Lussac  (1815). 

Natural  History. — Cyanogen  is  not  found  in  nature  in  a  free  state. 
It  is  met  witli  in  the  gases  issuing  from  blast  furnaces,  and  is  produced 
in  small  quantities  during  the  distillation  of  pit  coal. 

Preparation. — (!•)  By  the  action  of  heat  on  the  cyanides  of  mer- 
cury, silver,  or  gold  (Hg(CN)2  =  Hg  +  (CN)2).  [A  brown  amorphous, 
iusoluble,  noo- volatile  substance  {paracyanogen  (CN)n)  is  formed 
simultaneously  with  the  cyanogen.  At  a  heat  of  1548°  F.  (860° C), 
in  an  atmosphere  which  does  not  act  upon  it,  paracyanogen  is  con- 
verted solely  into  gaseous  cyanogen,  without  leaving  any  residue,  thus 
proving  it  to  be  an  isomer  of  cyanogen.] 

(2.)  By  the  dry  distillation  of  ammonium  oxalate  [(^114)2  C2O4]  or 

of  oxamide  [C202(NH2)2]  : — 

(NHJsCsO^        =     4H2O      +  (CN)2. 
Ammonic  oxalate       =       "Water  Cyanogen. 

Properties. — («•)  Physical.  A  colorless  gas,  having  the  odor  of 
bitter  almouds.  It  is  intensely  poisonous.  Its  specific  gravity  is 
1-801,  and  its  relative  weight  26  ;  100  cubic  inches  weigh  55-714  grs., 
and  1  litre,  2-3296  grms.  A  pressure  of  four  atmospheres  at  45°  F. 
(7-2°  C.)  or  a  cold  of  — 22°  F.  ( — 30°  C.)  condenses  it  to  a  colorless 
liquid,  having  a  specific  gravity  of  0-87°,  and  freezing  at — 29*2°  F. 
( — 34°  C.)  It  withstands  a  very  high  temperature  without  decom- 
position.   It  is  soluble  in  water  (4  vols,  in  1  of  water)  and  in  alcohol. 

(/3.)  Chemical.  Cyanogen  burns  in  air  with  a  rose-red  flame,  gene- 
rating CO2  and  N.  Exploded  with  oxygen  (1  vol.  of  Cy  and  2  vols 
of  0)  it  yields  N  (1  vol.)  and  CO2  (2  vols.).  Its  solutions  (whether 
aqueous  or  alcoholic)  decompose  rapidly,  the  primary  products  being 
ammonium  oxalate  [(NH4)2  C2O4],  a  brown  insoluble  matter  (azulmic 
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acid),  with  traces  of  hydrocyanic  (HCN)  and  cyanic  acids  (HCNO). 
As  secondary  products,  formed  by  the  action  of  the  cyanic  acid  on  the 
water,  we  obtain  urea  CO(NH2)2  and  hydric  ammonium  carbonate 
(NH4HCO3).  The  decomposition  of  the  aqueous  solution  is  much  re- 
tarded by  the  presence  of  a  mineral  acid.  Cyanogen  was  the  first 
well-recognised  "  compound  organic  radical."  Chemically,  it  behaves 
exactly  like  a  monad  non-metallic  element,  or  simple  acid  radical, 
such  as  chlorine,  etc.  Just  as  chlorine  (CI)'  is  univalent,  the 
molecule  being  represented  by  Clg,  so  cyanogen  (CN)'  is  univalent,  its 
molecule  being  represented  by  (CN)2.  As  chlorine  combines  with 
metals  to  form  chlorides  (as  AgCl ;  Hg"Cl2),  so  cyanogen  combines 
with  metals  to  form  cyanides  (Ag(CN)  ;  Hg"(CN)2).  As  chlorine 
replaces  monad  elements,  so  cyanogen  replaces  monad  elements. 
Cyanogen  combines  with  hydrogen  to  form  hydrocyanic  acid  (HCN), 
as  chlorine  forms  hydrochloric  acid  (HCl). 

The  reactions  of  cyanogen  with  potassic  hydrate,  again,  are  exactly 

Thus  :— 


analogous  to  those  of  chlorine 


(a.) 


2KH0 

Potassic 
hydrate 

2KH0 

Potassic 
hydrate 


+ 
-I- 

+ 


Clo 

Chlorine 

(CN)2 
Cyanogen 


KCl  +  KCIO  + 

Potassic  -|-  Potassic  -|- 

chloride  hypochlorite 

K(CN)  +  K(CN)0  -f 

Potassic  4-  Potassic  + 

cyanide  cyan  ate 


H2O. 
Water. 

H2O. 
Water. 


Thus  cyanogen  supplies  us  with  a  typical  illustration  of  "a  com- 
pound radical," — that  is,  a  group  of  elements,  capable  of  acting  exactly 
as  though  it  were  an  element.  To  express  this  quasi- elementary  cha- 
racter of  cyanogen,  we  represent  it  by  the  symbol  Cy. 


Hydrocyanic  Acid  (Prussic  Acid)  (HCN  or  HCy) 

Molecular  weight,  27.    Molecular  volume. 


I 


Specific  gravity  of 


liquid  at  44-9°  F.  (7-2°  C),  0-7058.  Ftises  at  5°  F.  (—15°  C).  Boils 
at  79-7°  F.  (26-5°  C).    Vapor  density,  0-948. 

History. — Discovered  by  Scheele  (1782),  who  named  it  jprus sic  acid. 
Its  composition  was  proved  by  Berthollet  (1787). 

Natural  History. — it  is  found  in  cherry-laurel  water  (aqua  lavro- 
cerasi),  in  bitter-almond  water,  and  ia  water  distilled  in  contact  with 
various  plants  belonging  to  the  natural  order  Rosacece,  and  with  the 
kernels  of  many  stone  fruits.  Its  formation  in  these  is  no  doubt  due 
to  the  ferment  action  of  emulsin  or  synaptase  on  amygdalin  or  some 
body  of  a  similar  nature  (see  page  581). 

Preparation. — (l.)  By  passing  electric  sparks  through  a  mixture 
of  nitrogen  and  acetylene  : — 


N2 
Nitrogen 


+  C2H2  = 
H-      Acetylene  = 


2HCN. 
Hydrocyanic  acid. 
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(2.)  Process  of  B.P.  in  preparing  "  acidum  hjdrocyanicum  dilutum." 
By  distilling  potassium  ferrocyanide  with  dilute  sulphuric  acid: — 

2K,FeCy6  +  3H2SO4  =     6HCN      +     K.Fe^Cje     +  3K2SO4. 

Potaasic     +    Sulphuric    =    Hydrocyanic    +    Ferrocyanide  of    +  Potassic 
ferrocyanide  acid  acid  iron  and  potassium  sulphate. 

The  B.P.  solution  is  made  to  have  a  specific  gravity  of  0*997,  and 
to  contain  2  per  cent,  of  anhydrous  acid ;  iu  other  words,  100  grains  of 
the  dilute  acid  should  yield  10  grains  of  AgCy  when  heated  with 
argentic  nitrate. 

(3.)  By  the  action  of  acids  on  metallic  cyanides  (KCN  +  HC1  = 
HCN  +  KCl). 

Preparation  of  ScheeWs  Acid. — Prussian  blue  and  mercuric  oxide 
(HgO)  are  boiled  in  water,  whereby  FcgO.,  is  precipitated,  and  a  solu- 
tion of  mercuric  cyanide  (HgCyj)  formed.  The  clear  filtrate  is  then 
mixed  with  dilute  sulphuric  acid,  and  shaken  up  with  iron  filings 
(HgCy2  +  Fe  +  H2S04  =  2HCy +  FeS04+  Hg).  The  solution  contains 
4  or  5  per  cent,  of  anhydrous  acid. 

(4.)  By  heating  chloroform  with  ammonia.  (The  process  is  faci- 
litated by  the  addition  of  an  alcoholic  solution  of  potassic  hydrate)  : — 

CH.CI3    +      NH3     =         HCN         +  3HC1. 
Chloroform    -|-    Ammonia    =    Hydrocyanic  acid    +    Hydrochloric  acid. 

(5.)  Preparation  of  Anhydrous  Acid. — By  decomposing  argentic 
cyanide  (gently  heated)  with  sulphuretted  hydrogen,  or  with  gaseous 
hydrochloric  acid  : — 

2AgCN     +         HoS  =      AgaS      +  2HCN. 

Argentic       +       Sulphuretted       =       Argentic       +  Hydrocyanic 
cyanide  hydrogen  sulphide  acid. 

Properties. — («•)  Physical.  A  colorless,  highly  volatile  liquid, 
having  a  bitter  almond  odor  and  a  bitter  taste.  It  freezes  at  0°  F. 
(_19-8°  C),  and  boils  at  79°  F.  (26-1°  C),  emitting  a  combustible 
vapor.  It  is  so  volatile  that  during  its  spontaneous  evaporation  it 
freezes  the  rest  of  the  acid,  It  mixes  with  water  and  alcohol  in 
all  proportions.  Its  physiological  action  is  intense,  destroying  life 
rapidly.  It  is  given  in  medicine,  aud,  largely  diluted  with  air,  the 
vapor  is  occasionally  used  as  an  inhalation  (vapor  acidi  hydrocyanici 
(B.P.)). 

(/3.)  Chemical.  Its  acid  properties  are  so  feeble  that  it  cannot 
even  displace  carbonic  acid  from  its  compounds.  Both  the  pure 
acid  and  its  aqueous  solution  decompose  spontaneously  (particularly 
when  exposed  to  the  light),  various  brown  substances  being  de- 
posited, and  ammonic  oxalate  and  formate  produced.  A  trace  of 
mineral  acid,  such  as  is  certain  to  be  present  in  the  B.P.  acid, 
retards  the  decomposition.  [It  is  worthy  of  note  that  when  ammonic 
formate  is  heated,  it  yields  hydrocyanic  acid  and  water  (NH4CHOJ 
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=  CNH  +  2HoO).]  It  forms  with  the  haloid  acids  additive  crystalline 
bodies,  such  as  (HCN.HCl),  etc.,  which  are  easily  decomposed  into 
formic  acid  and  ammonium  salts  (HCN.HCl  +  2H20  =  CH202  (formic 
acid) +  NH4CI).  It  forms  metallic  cyanides  with  metallic  oxides  and 
hydrates,  but  when  boiled  with  an  excess  of  potash  it  evolves  am- 
monia. 

The  Cyanides,  Chlorides,  and  Hydroxides  of  Cyanogen. 

The  following  constitute  the  most  important  of  these  compounds : — 

I.  Cyanides. 


Name. 

Formulae. 

Molecular 
Weight. 

Specific 
Crravity. 

Appearance. 

Potassic  cyanide  . . 

KCy 

65 

White 
cube8 

Sodic  cyanide 

NaCy 

49 

do. 

Amnionic  cyanide 

NH.Cy 

44 

do. 

Mercuric  cyanide  . 

HgCy, 

252 

3-77 

do. 

Argentic  cyanide  . . 

AgCy 
ZnOyj 
CoCy, 
PdCy, 

AuCy3 

134 
91 
111 
158 

275 

3-94 

do. 
do. 
do. 

Yellowish 
white 
do. 

Cobaltous  cyanide 
Palladium  cyanide 

Auric  cyanide 

Perroua  cyanide  . . 

FeCy, 

108 

Yellowish 

Ferric  cyanide 

Fe,Cy, 

red 

'  Deliquescent  salts,  soluble 
in  water  and  spirit  and 
fusible.  Not  changed 
by  heat  -when  air  is  ex- 
cluded, but  in  the  pre- 
sence of  air,  become 
c}  anates.  Their  solu- 
tions, when  boiled,  yield 
formates.  Solutions  al- 
kaline. 

l&c^  soluble  in  water ;  the  so- 
lution easily  decomposes. 
Soluble  in  water  and  in  al- 
cohol ;  solution  not  preci- 
pitated by  alkalies. 
Insoluble  in  water. 
Do. 
Do. 
Do. 

Insoluble  in  water ;  soluble 
in  a  solution  of  KCy. 

Soluble  in  solution  of  KCy, 
forming  (K^Cy-Fe'-Cy,). 

Only  known  ra  solution. 


II.  Chlorides,  etc. 


Cyanogen  chloride  (gaseous) 

„  (solid) 
Uyanogen  bromide 

1-1     "       .  " 
Cyanogen  iodide 

Cyanogen  sulphide 


CyCl. 

CyaCi^. 

Cytlr. 
Cy3Br3. 
Cyl. 
Cy,S. 


Cyanic  acid 


III.  Hydroxides,  etc. 

HCyO 


i Potassic  cyanate  KCyO. 
Ammonic  cyanate  NH.CyO. 
Urea  CH.NaO. 
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,      .  ( Argentic  cyanurate  AgjCyaO,. 

Cyanunc  acid  . .     . .    HaCyjOg       I  Argentic  hydric  cyanurate    . .  AgjEOyaOj. 

I  Potassie  hydric  cyanurate     . .  KHfij^b^ 

Fulrainuric  acid      , .    HgOyjO^         Potassie  hydric  fulminurate  . .  KjHCygOj. 

Cyamelide  HnCynOn 

(  Mercuric  fulminate   Hg'OyjO,. 

Fulminic  acid  ..     ..    Cy2Hj02       |  Argentic  fulminate   AgjCy^Oj. 

(  Ammonic  argentic  fulminate. .  NH^AgCyjOj. 

The  Cyanides. 

The  cyanides  are  closely  allied  to  the  haloid  salts. 

Preparation  of  the  Metallic  Cyanides. 

1.  By  burning  the  metal  either  in  cyanogen  gas,  or  in  the  vapor 
of  hydrocyanic  acid  (KCy;  NaCy). 

[Ammonic  cyanide  may  be  formed  by  mixing  together  the  vapors 
of  ammonia  and  of  hydrocyanic  acid.] 

2.  By  acting  on  metallic  oxides  or  hydrates  with  hydrocyanic 
acid :  — 

(a.)  HgO  +  2HCy  =  Hg"Cy2  +  HoO 
(/3.)  KHO  +    HCy  =  KCy       +  HoO. 

3.  By  passing  nitrogen  over  a  red-hot  mixture  of  a  metallic  car- 
bonate and  carbon  : — 

K2CO3    +      4C       +       2N       =    2KCN    +  3C0. 
Potassie     4-      Carbon     +     Nitrogen      =      Potassie     +  Carbonic 
carbonate  cyanide  oxide. 

[Thus  cyanogen  is  formed  in  blast  furnaces,  the  potassie  carbonate 
being  supplied  by  the  ash,  and  the  C  and  N  by  the  fuel.]  Ammonic 
cyanide  may  be  formed  by  passing  ammonia  gas  over  red-hot  charcoal. 

4.  In  the  case  of  potassie  cyanide  it  may  be  prepared  either — 
(a.)  By 'merely  heating  potassie  ferrocyanide  — 

K4Fe"Cy6      =    4KCy     +      FeCo       +  No. 
Potassi.!  ferro-       =     Potassie     +      Carbide  of     +  Nitrogen, 
cyanide  cyanide  ir<  n 

(j3.)  Or,  by  heating  a  mixture  of  potassie  ferrocyanide  and  potassie 

carbonate:  — 

K4Fe"Cy6    +  K2CO3  =  5KCy    +    KCyO  4-    Fe    +  CO.. 
Potassie  ferro-    -|-    Potassie    =    Potassie    +    Potassie    -\-    Iron    +  Carbonic 
cyanide  carbonate         cyanide  cyanate  anhydride 

[Prepared  in  this  way  commercial  potassie  cyanide  usually  contains 
both  potassie  cyanate  and  potassie  carbonate.] 

If  mercuric  sulphate  be  added  to  the  potassie  ferrocyanide,  mercuric 
cyanide  is  formed. 

5.  By  the  action  of  a  soluble  cyanide,  or  of  hydrocyanic  acid,  on 

metallic  salts. 
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(a.)  Thus  potasstc  cyanide  with  araraonic  chloride,  forms  amnionic 
cyanide ;  with  mercuric  oxide,  mercuric  cyanide ;  with  palladium 
chloride,  palladium  cyanide,  etc. 

(/3.)  Thus  hydro-cyanic  acid  with  zinc  acetate,  forms  zinc  cyanide, 
etc. 

Properties  of  the  Cyanides— They  are  all  more  or  less  of  a 
white  color,  and  have  a  bitter-almond  odor.  In  the  case  of  potassic 
cyanide,  it  evolves  an  odor  of  almonds  (from  the  free  hydrocyanic 
acid  present)  and  ammonia  (from  the  decomposition  of  the  cyanate  by 
moistui'e) : — 

2KCyO       +    4H,0    =        K2CO3         +  (NH4)2C03. 

Potassic  cyanate    +     Water     =    Potassic  carbonate    +    Amnionic  carbonate. 

All  the  cyanides  are  poisonous  bodies. 

The  alkaline  cyanides,  when  fused  in  the  presence  of  air,  become 
cyanates.  Acids  decompose  certain  cyanides  readily  (e.  g.  potassic 
cyanide  which  is  even  decomposed  by  carbonic  acid),  whilst  on  other 
cyanides,  as  aureus  cyanide,  acids 'act  with  difficulty.  Most  cyanides 
are  soluble  in  solutions  of  the  alkaline  cyanides,  forming  double 
cyanides.  So  rapid  is  this  combination  in  some  cases  (e.g.  with  ferrous 
and  ferric  cyanides),  that  the  simple  cyanides  can  scarcely  be  said  to 
exist  in  a  separate  state. 

Uses. — Potassic  cyanide  is  the  most  important  of  the  cyanides.  It 
is  used  (a)  in  electroplating  and  gilding,  from  its  property  of  dissolving 
argentic  cyanide,  forming  with  it  a  compound  which  is  easily  decom- 
posed with  the  battery ;  (/3)  in  photography,  from  its  property  of  dis- 
solving silver,  either  as  a  chloride,  bromide,  iodide,  or  as  the  metal ; 
and  (y)  in  the  laboratory,  as  a  reducing  agent,  from  its  property  of 
abstracting  oxygen  from  bodies  at  a  high  temperature  to  form  a 
cyanate  (Sn02  +  2KCy  =  Sn-f2KCyO). 


Cyanogen  Chlorides,  etc. 

Two  isomeric  chlorides  of  cyanogen  have  been  described.  They 
are  the  products  of  the  action  of  chlorine  on  hydrocyanic  acid,  or  on 
a  metallic  cyanide  : — 

Gaseous  Cyanogen  Chloride  (CyCl=6i-5.  Mol.  vol.  ["Tl )  is  a 

colorless  pungent  gas,  capable  of  being  liquefied  by  a  pressure  of 
four  atmospheres.  It  is  soluble  in  water,  alcohol,  and  ether.  On 
psissiiig  CyCl  into  a  solution  of  ammonia  in  anhydrous  ether,  cyanamide, 
UNgHg,  and  ammonium  chloride  are  formed. 

SoUd  Cyanogen  Chloride  (Cy^C\,=i%^-5    Mol.  vol.  IJJ)  is  a 

crystalline  colorless  solid.  It  is  soluble  in  alcohol  and  ether.  It 
melts  at  284°  F.  (140°  C),  and  at  a  higher  temperature  sublimes 
unchanged. 

R  R 
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This  body  yields,  by  distillation,  cyanic  acid  (HCyO),  and  by  the 
action  of  water,  cyanuric  acid  (H^CysOa),  a  polymer  of  cyanic  acid. 

The  Cyanogen  Bromides  (CyBr  and  Cy^Brg),  and  a  solid  crystal- 
line Cyanogen  Iodide  (Cyl),  have  been  prepared.  By  the  action  of 
the  latter  on  sulpho-  (or  thio-)  cyanate  of  silver,  a  Cyanogen  Sul- 
phide (CyeS)  may  be  formed. 

Compounds  of  Ctanogen  and  Hydroxyl. 

Cyanic  acid  ..,  .,.  •••  •••  •••  CyOH. 

Fulminic  acid 

Cyanuric  acid  ...  ...  ...  •••  Cy^OsH,. 

Fulminuric  acid  ...  ...  ...  •••  CysOgH.,. 

Cyamelide    ...  ...  .••  •••  •••  CynOaH^. 

Cyanic  Acid  (HCyO  or  CN(OH)=43)  and  the  Cyanates. 

(a.)  Preparation  of  the  acid. — By  the  distillation  of  dry  cyanuric 
acid  (CygOsHa)  collecting  the  product  in  an  ice-cold  receiver. 

(/3.)  Preparation  of  the  cyanates  (M'CNO). — (1.)  By  the  direct  oxida- 
tion of  the  cyanides  (KCy +  PbO=Pb  +  KCNO). 

(2.)  By  the  action  of  cyanogen  gas  upon  potassic  hydrate  ((CN)2-t- 
2KHO=KCN  +  KCN04-H20).  Cyanic  acid  cannot  be  prepared  by 
the  addition  of  acids  to  the  cyanates,  inasmuch  as  cyanic  acid  forms,  by 
combination  (a)  with  luater,  ammonic  carbonate,  and  with  ammonia, 
urea,  or  ammonic  cyanate.    Thus — 

(a.)  Cy(OH)4-2H20=NH4HC03  (ammonic  carbonate); 
(/3,)  Cy(OH)+NH3=CH4N.,0(urea). 

Properties. — Cyanic  acid  is  a  colorless,  pungent,  acid  liquid.  It 
changes  rapidly  at  32°  F.  (0°  C.)  into  cyamelide.    It  is  monobasic. 

Ammonium  Cyanate  (NH^CyO);  wrm  C0(NH„)2. 

Preparation.— {\.)  When  cyanic  acid  vapor  is  mixed  with  an  excess 
of  ammonia,  ammonic  cyanate  is  formed.  After  a  short  exposure  to 
air,  or  immediately  at  212°  F.  (100°  C),  the  salt  undergoes  a  mole- 
cular change,  and  becomes  urea.  (Wohler.) 

(2.)  Ammonic  cyanate  and  tirea  may  also  be  prepared  by  mixing 
potassic  cyanate  and  ammonic  sulphate  in  water,  evaporating  the  so- 
lution to  dryness,  and  dissolving  out  the  urea  from  the  residue  with 
alcohol : — 

2KCyO     +   (NH4)2S04  =     K^SO^      +  2]SrH4CyO. 
Potassic       +       Ammonic       =       Potaseio       4-  Ammonic 
cyanate  sulphate  sulphate  cyanate. 

Urea  is  a  weak  base,  and  constitutes  the  chief  nitrogenised  con- 
stituent of  urine.  It  may  be  obtained  as  a  nitrate  [(CN2H40)HN03]  by 
adding  nitric  acid  to  concentrated  urine.  When  an  aqueous  solution  of 
urea  is  mixed  with  oxalic  acid,  an  insoluble  oxalate  of  urea  is  formed— 

[(CN2H40)C2H204]. 
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Urea  is  decomposed  by  heat,  evolving  ammonia,  the  residue  of  such 
ignition  constituting  cyanuric  acid. 

In  contact  with  decomposing  matter,  urea  combines  with  water  and 
becomes  uramonic  carbonate.  Hence  the  presence  of  ammonium  car- 
bonate in  decomposed  urine. 

CN^H.O     +        2I[,0       =  (NH,)2C03. 
Urea  +  Water  =  Ammonio  carbonate. 

A  compound  where  the  oxygen  of  the  urea  has  been  replaced 
by  sulphur  (forming  what  is  called  sulphur-urea  (CN2H4S))  has  been 
obtained. 

Cyanuric  Acid  (CygOaHa  or  C3N3(OH)3). 

Preparation. — (1.)  By  the  action  of  heat  on  urea. 

(2.)  By  the  action  of  water  on  solid  cyanogen  chloride  (Cy3Cl3-|-  SHgO 
=3HC1  +  CysHgOg).  [As  water  replaces  the  CI  of  cyanogen  chloride  by 
the  group  HO,  so  phosphorus  pentachloride  replaces  the  group  HO  of 
cyanuricacidbyCl.  (C3N3(OH)3  +  3PCl5=C3N3Cl3  +  8POCl3  +  3HCl).] 

Properties.— Forms  colorless  efflorescent  crystals,  which  are  not 
soluble  in  cold  water,  but  are  soluble  in  boiling  (1  in  24).  The  acid 
is  very  stable,  and  is  soluble  in,  but  is  not  decomposed  by  strong  sul- 
phuric or  nitric  acids.  In  this  respect  it  contrasts  remarkably  with 
its  isomer  cyanic  acid. 

Cyanuric  acid  is  a  tribasic  acid,  forming  three  classes  of  salts  • 
viz  M'3Cy303  (as  Ag3Cy303),  M',UCj,0,  (as  Ag.HCygO,),  and 
M'H2Cy303  (as  KH2Cy303). 

Fulminuric  Acid  (HgCyaOa  or  C3N3(OH)3). 

Preparation.— By  the  action  of  a  soluble  chloride  on  mercuric  ful- 
minate : — 

SHg^^Cy^Oo  +  8KC1  +  H2O = 4KC1  +  2HgCL  -f-  Hg''0  +  2K„HCy303. 

Merciiric  TT?'""^' 
fulminate  ^  Potassic 

lulm  in  urate. 

Fulminuric  acid  is  dibasic,  whereas  cyanuric  acid  (with  which  it  is 
isomeric),  is  tribasic. 

CyameUde  (Cy„OnH„,  or  Cy„(HO)„.— A  white,  solid,  amorphous 
•^ody,  formed  spontaneously  from  cyanic  acid.  It  is  insoluble  either  in 
aiiu  e  acids,  in  alcohol,  in  ether,  or  in  water.  By  dry  distillation  it 
yields  cyanic  acid. 

The  relationship  of  these  bodies  requires  notice:  — 
1.  Cyanic  acid  may  be  prepared  by  heat  from  cyanuric  acid. 
^.  Ammonic  cyanate  by  the  action  of  heat  becomes  urea. 
.  Urea  by  heat  leaves  a  residue  of  cyanuric  acid,  evolving  ammonia. 

4.  Cyanic  acid  changes  spontaneously  to  cyamelide. 

5.  Cyamehde  by  dry  distillation  yields  cyanic  acid. 

R  K  2 
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Fulminic  Acid. — This  acid  has  never  been  isolated.  Its  probable 
composition  is  HgCygOg.  Thus  it  is  polymeric  both  with  cyanic  and 
with  cyanuric  acids.    It  is  a  bibasic  acid. 

The  fulminates  are  highly  explosive  bodies.  They  are  formed  by 
dissolving  the  metal  in  nitric  acid  and  adding  alcohol  to  the  solution. 

Fulminate  of  Mercury  (Hg"Cy202)  has  a  specific  gravity  of  4-4, 
and  is  decomposed  at  a  temperature  of  360°  F.  (182-2°  C.)  or  by  contact 
with  sulphuric  or  nitric  acid,  carbonic  oxide,  nitrogen,  and  the  free 
metal  being  produced  (Hg^'CygOg  =  Hg  +  2C0  +  Ng). 

Fulminate  of  Silver  has  the  composition  AgoCyeOo,  and  is  even 
more  easily  decomposed  than  fulminate  of  mercury. 

Double  Fulminates  have  also  been  prepared,  as,  e.g.,  NH^Ag 
CygOo  and  AgKCygOo. 

Sulphocyanic  Acid  (HCNS,  or  HCyS)  {thiocyanic  acid).  This  is 
the  sulphur  analogue  of  cyanic  acid. 

Preparation  (as  an  acid  solution). — By  decomposing  lead  sulpho- 
cyanate  suspended  in  water,  with  sulphuretted  hydrogen. 

Properties. — The  acid  may  be  obtained  as  a  solid  crystalline  body 
from  the  colorless  acid  solution  prepared  as  above  by  cold.  It  is 
decomposed  by  boiling,  and  also  on  exposure  to  air.  The  acid  is 
is  monobasic,  and  forms  salts  called  sulphocyanates  {thiocyanates). 

Ammonium  Sulphocyanate  (NH4CyS)  is  prepared  by  neutralizing 
the  acid  with  ammonia,  or  by  digesting  hydrocyanic  acid  with  yellow 
ammonic  sulphide,  or  by  heating  a  mixture  of  carbon  disulphide  and 
alcoholic  ammonia  [CS2+ SNHg^NH^HS  +  NH4CNS].  By  its  distil- 
lation at  a  high  temperature  a  body  called  melam  (CeHgNn)  is  formed. 
Melam,  by  the  action  of  potassic  hydrate  and  heat,  forms  mellamine 
(CsHfiNe). 

Potassium  Sulphocyanate  (KCyS)  is  prepared  either  (1)  by  fusing 
together  potassic  cyanide  and  sulphur,  or  (2)  by  the  fusion  of  three 
parts  of  potassic  ferrocyanide  with  one  part  of  potassic  carbonate  and 
two  parts  of  sulphur,  in  a  covered  crucible.  The  mass  is  then  lixiviated, 
and  the  salt  crystallized  from  the  solution  : — 

K4Fe"Cy6  +      =  4KCyS  +  Fe'XCyS)^. 

By  the  action  of  chlorine  on  a  solution  of  potassic  sulphocyanate, 
a  yellow  insoluble  precipitate  oi  persuLphocyanogen  (CysHSg),  is  formed. 
This  substance  when  heated  ibrms  a  body  called  mellone  (CgNis),  an 
organic  radical,  which  with  hydrogen  forms  an  acid  called  hydro-mellonic 
acid  (H3C9N13).  The  salts  are  civlled  mellonides  {Examples:  the  potassic 
mellonides  K3C9N13  ;  K2HC9N13  and  KH2C9N,3).  The  tripotassic 
mellonide  yields  insoluble  precipitates  with  salts  of  silver,  mercury, 
lead,  etc.,  viz.,  arge^itic  mellonide  (AgsCgNi,)  ;  mercuric  mellonide 
CHg3(CgNi3)g)  J  plumbic  mellonide  (Pb3(C9Ni3)g). 
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Plumbic  Sulphocyanate  (Pb(CyS)2)  is  prepared  by  acting  on 
potassic  sulphocyanate  with  lead  acetate. 

Mercuric  Sulphocyanate  (Hg"(CyS)2)  constitutes  the  toy  known 

as  Pharaoh's  Serpents. 

Ethyl  Iso-sulphocyamde(C2H5CNS),  propyl  iso-sulphocyanide 

(CsHyCNS),  etc.,  form  a  class  of  bodies  called  mustard  oils. 

These  bodies  are  represented  as  containing  the  compound  radical 
sulphocyanogen  (CyS  or  Scy). 

The  selenio-cyanates  correspond  to  the  sulphocyanates,  and  have  the 
formula  (M'CNSe). 


Double  Salts,  etc.,  of  Cyanogen. 


Formulae. 

Ferrocyanogen 
Ferrocyanic  acid    . . 

Potassic  ferroc.yanide       . .        . .      '  . , 

Cupric  ferrocyanide 

Plumbic  ferrocyanide 

Ferric  ferrocyanide  (Prussian  blue) 

Potassic  ferrous  ferrocyanide  (Everitt's  white  salt) 

Potassic  nickelous  cyanide 

Fe"Cy, 
H,Fe"Cye 
K,Fe"Cyg 
Cu'-jFe-'Cyg 
Pb^Fe'-Cye 
'Fe"',Fe"3Cy,3 
PeE:jFe"Cyg 
K,NL"Cy,=  2KCy,NiCy, 

Fenicyanogen      . .        . .        . ,        , .   

Ferricyanic  acid    . . 
Potassic  ferricyanide 
Plumbic  ferricyanide 

Ferrous  ferricyanide  (TurnbuU'e  blue)  

Potassic  ferrous  ferricyanide 

Fe"'Cyg 

HaFe'-Cyg 

KaFe-'Cy, 

Pb"3Fe"',Cy,, 

Fe"3Fe'",Cy., 

Fe"E:Fe"'Cyg 

Hydro-nitro-prussic  acid  . , 
Sodic  nitro-prusaide 

H,(NO)Fe"Cy, 
Naj(NO)Fe"Cyj 

Double  Cyanides. 

These  consist  of  compounds  of  an  alkaline  cyanide  or  a  cyanide  of 
an  alkaline  earth,  with  a  cyanide  of  another  metal. 

Preparation.— Bj  dissolving  the  cyanide  of  a  heavy  metal  in  an  alka- 
line cyanide. 

Properties. — The  double  cyanides  maybe  divided  into  two  classes: — 
(a.)  The  unstable  double  cyanides,  which  are  very  poisonous,  and  are 
decomposed  by  a  dilute  acid  (as  HCl),  hydrocyanic  acid  being  liberated 
from  the  alkaline  cyanide,  cither  with  the  precipitation  of  the  metallic 
cyanide,  or  with  the  conversion  of  both  metals  into  chlorides.  Thus  : — 

KsNi-'Cy^     +      2HC1     =   NiCy^  +  2KC1  2HCy. 
Potassic  nickelous  +  Hydrochloric  =  Nickelous  -(-  Potassic  +  Hydrocyanic 
cyanide  acid  cyanide        chloride  acid. 
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(/3.)  The  stable  double  cyanides,  which  are  not  poisonous.  They  are 
not  decomposed,  like  the  unstable  double  cyanides,  by  a  dilute  acid,  but 
one  of  the  metals  unites  with  hydrogen  to  form  an  acid.    Thus  :  

K4Fe"Cy6      +      4HC1      =       H^FeCyg      +  4KC1. 
Ferrocyanide  of    +    HydrocMoric    =    Hydroferrocyanic    +  Potassic 
potafsium  acid  acid  chloride. 

The  ferrocyanides  and  ferricyanides  are  of  importance.  The  pure 
cyanides  of  iron,  owing  to  their  strong  tendency  to  form  double  salts 
have  never  been  prepared. 

Ferrocyanogen  and  Ferricyanogen.— These  groups,  neither  of 

which  have  been  isolated,  constitute  two  compound  radicals  containing 
iron,  differing  from  one  another  only  in  this,  that  in  ferrocyanogen  the 
iron  is  bivalent,  whilst  in  ferricyanogen  it  is  trivalent.    Thus : — 

Ferrocyanogen. — Fe"Cy6  forms  potassic  ferrocyanide  (K4Fe"Cy6). 

Ferricyanogen. — Fe"'Cy6    »     potassic  ferricyanide  (K3Fe"'Cy6,  or 

Kg'Fe/'Cyie). 

It  will  be  further  noticed  that  a  ferrocyanide  differs  only  from  a 
ferricyanide  by  one  atom  of  a  monad  metal  (such  as  K')  ;  hence 
(a)  oxidizing  agents  (as  CI  and  HNO3)  convert  ferrocyanides  into  ferri- 
cyanides, whilst  (/3)  reducing  agents  (i.  e.,  agents  capable  of  undergoing 
oxidation  or  of  giving  up  hydrogen)  convert  ferricyanides  into  ferro- 
cyanides. To  express  the  radical  ferrocyanogen  briefly,  the  formula 
(Fey)  is  frequently  used. 

Analogous  to  ferricyanogen  we  have  compound  radicals,  where  the 
iron  is  displaced  by  other  metals,  as  cobalticya^ogen  (CoCys),  ]Jlatino- 
cyanogen  (PtCy4),  etc.  These  bodies  are  distinguished  by  forming 
acids  with  hydrogen,  from  which  salts  (termed  cobalticyanides,  etc.) 
may  be  prepared  by  the  displacement  of  hydrogen  {e.g.,  KgCogCyig  5 — 
KfiCrsCyis  ;—  KgMugCyio,  etc.). 

Ferrocyanic  Acid  (H4Fe"Cy6). 

Preparation. — (1.)  By  decomposing  plumbic  (or  cupric)  ferrocyanide 
siispended  in  water,  with  sulphuretted  hydrogen. 

(2.)  By  decomposing  a  strong  solution  of  potassic  ferrocyanide  with 
hydrochloric  acid  : — 

K4FeCy6     +      4HC1       =      H4Fe"Cy6      +  4KC1. 
Potassic  ferro-    +    Hydi-ocbloric    =    Hydroferrocyanic    +  Potassic 
cyanide  acid  acid  chloride. 

Properties. — A  white,  crystalline,  soluble  substauce,  decomposed  by 
heat  into  hydrocyanic  acid  and  ferrous  cyanide  (H4FeCy6=4HCy + 
FeCys),  the  ferrous  cyanide  forming  Prussian  blue  by  exposure  to  air 
(9FeCy2  +  03='Fe"'4Fe"3Cyi8  +  Fe203).  The  acid  is  tetrabasic,  and 
forms  salts  called  ferrocyanides  (M'4Fe"Cy6). 

Potassium' Ferrocyanide.— 5^eZZow  prussiate  of  potash  (K4Fe"Cy6, 
or  4KCy,Fe"Cy2,  or  K4Fcy,  or  K4Fe(CN)6). 

Preparation. — (1.)  By  the  action  on  potassic  cyanide,  either  (a)  of 
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iron  filings,  the  mixture  being  freely  exposed  to  the  air,  or  (j3)  of 
ferrous  hydrate  : — 


(a.)6KCy    +    Fe    +    HgO    +  O 
Pota?sic    +    Iron    +    Water    +  Oxygen 
cvanide 


cyanide 

6KCy 
Potassic 
cyanide 


K4Fe"Cy6  +  2KH0. 

Potassic  +  Potassic 
ferrocyanide  hydrate. 


+ 
+ 


FeHoO., 

Ferrous 
hydrate 


K4Fe"Cy6 
Potassic  ferro- 
cyanide 


+ 
+ 


2KH0. 

Potassic 
hydrate. 


(2.)  By  digesting  potassic  cyanide,  either  (a)  with  ferrous  sulphide, 
or  (/3)  Avith  a  soluble  ferrous  salt :  — 


(«.) 

Fe"S 

+ 

GKCy  = 

K^Fe-Cye 

+ 

Feirous 

+ 

Potassic  = 

Potassic  ferro- 

+ 

Potassic 

sulphide 

cyanide 

cyanide 

sulphide. 

FeSO^ 

+ 

6KCy  = 

K,Fe"Cy6 

+ 

K2SO4. 

Ferrous 

+ 

Potassic  = 

Potassic  ferro- 

+ 

Potassic 

sulphate 

cyanide 

cyanide 

sulphate. 

(3.)  In  the  ordinary  process  of  manufacturing  "  yellow  priissiate," 
nitrogenised  animal  matters  (such  as  horns,  parings  of  hides,  blood, 
etc.),  are  fused  in  covered  iron  vessels  with  crude  potassic  carbonate 
and  scraps  of  old  iron.    Thus — (a.)  A  potassic  cyanide  is  formed—- 


K2CO3  + 

Potassic  -f- 
carbonate 


C4 
Carbon 


+       No        =    2KCN     +  3C0; 

+     Nitrogen     =     Potassic     +  Caibonic 
cyanide  oxide ; 


and  also  (fi)  a  ferrous  sulphide,  from  the  combination  of  the  iron 
with  the  sulphur,  derived  partly  from  the  animal  matter,  and  partly 
from  the  K2SO4  present  in  the  crude  potassic  carbonate. 

The  fused  mass  is  now  treated  with  boiling  water,  when  the  ferrous 
sulphide  re-acts  (as  in  process  2  (a))  on  the  potassic  cyanide,  forming 
sulphide  and  ferrocyanide  of  potassium,  the  separation  of  the  latter 
being  easily  effected  by  solution  and  crystallization  (FeS  +  6KCy= 
K4FeCy6  + K2S).  Sometimes,  to  avoid  the  formation  of  potassic  sul- 
phide, pure  potassic  carbonate  is  used,  and  the  cyanides  formed  after- 
wards digested  with  ferrous  carbonate  : — 

FeCOa     +      6KCy     =     K4Fe"Cy6    -f  K„CO,. 
Ferrous       -|-       Potassic       =        Potassic        4-  Potassic 
carbonate  cyanide  ferrocyanide  carbonate. 

Properties. — It  forms  large,  tough,  yellow  crystals  (K4FeCy6-l-3H20), 
which  are  soluble  in  both  cold  and  hot  water  (1  in  4  at  60°  F.  ;  1  in  2  at 
212°  F.),  and  insoluble  in  alcohol.    It  is  not  poisonous. 

At  a  moderate  heat  the  yellow  salt  becomes  white  and  anhydrous. 
Heated  intensely  in  air,  it  forms  potassic  cyanate  ;  but  heated  without 
air  it  forms  potassic  cyanide,  carbide  of  iron,  etc. 

With  dilute  sulphuric  acid,  it  yields  hydrocyanic  acid,  but  with 
strong  sulphuric  acid,  the  salt  is  decomposed  (K4Fe"Cy6  +  6H2S04-|- 
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6H„0  =  6CO  +  FeS04  +  2K2S04  +  3[(NH4)2SOJ).  By  the  action  of 
hydrochloric  acid,  hydroferrocyanic  acid  (H^FeCyfi)  is  precipitated. 

Fused  with  alkaline  carbonates,  it  forms  potassic  cyanide. 

With  neutral  or  acid  solutions  of  many  metallic  salts,  it  gives 
characteristic  precipitates.  With  ferrous  salts,  it  forms  a  light  blue 
potassio-ferrous  ferrocyanide  (Fe"K2Fe"Cy6)  ;  with  fenic  salts,  ferric 
ferrocyanide  or  Prussian  blue  ('Fe'"4Fe"3Cyi8)  ;  with  cupi-ic  salts,  a 
red  cupric  ferrocyanide  (Cu"2Fe"Cy6)  ;  with  lead  salts,  a  plumbic 
ferrocyanide  (PbaFeCyg),  etc. 

The  precipitate  with  cobalt,  is  yellowish  green ;  with  uranium, 
brown  ;  and  with  zinc,  cadmium,  nickel,  manganese,  tin,  lead,  bismuth, 
antimony,  silver,  and  mercury,  white.  Except  the  precipitates  with  zinc 
and  cadmium,  they  are  all  insoluble  in  dilute  hydrochloric  acid. 

Uses. — It  is  largely  used  in  the  manufacture  of  Prussian  blue  {see 
p.  618),  in  the  preparation  of  hydrocyanic  acid  {see  p.  606),  etc. 

Ferricyanic  Acid  (HyFeCyg). 

Preparation. — By  decomposing  plumbic  fel-ricyanide  (Ph3Fe'"2Cyi2), 
suspended  in  water,  with  sulphuric  acid. 

Properties. — A  red  unstable  liquid.  By  heat,  it  forms  hydrocyanic 
acid  and  a  hydrated  ferric  cyanide  (Fe2Cy6,3H20). 

Potassium  Ferricyanide.— ^erf  prussiate  of  potasJi  (K3Fe"'Cy6,  or 
3KCy,Fe"'Cy3,  or  K,{Fe,rCj,,). 

Preparation, — By  the  action  of  an  oxidizing  agent  (such  as  nitric 
acid,  chlorine,  etc.)  on  potassic  ferrocyanide  : — 

2(K4Fe"Cy6)     +  CI2         =  2(K3Fe'"Cy6)  +  2KC1. 

PotasBic         +        Chlorine       =        Potassic        +  Potassic 
ftrrocyanide  ferricyanide  chloride. 

The  chlorine  withdraws  one-fourth  of  the  potassium  from  the  ferro- 
cyanide. The  chlorine  must  not  be  used  in  excess,  otherwise  the  salt 
will  be  decomposed. 

Properties. — A  red  crystalline  salt,  permanent  in  the  air,  and  soluble 
in  water  (1  in  4  at  60°  F.). 

It  is  decomposed  by  reducing  agents. 

Its  re-actions  are  important  : — 

1 .  It  forms  insoluble  precipitates  of  characteristic  color  with  many 
metallic  salts  in  neutral  or  in  feebly  acid  solutions  ;  e.g.  an  orange  pre- 
cipitate with  zinc  or  silver  ;  a  yellow,  with  cadmium  ;  a  g7'een,  with 
nickel  and  copper  ;  a  reddish  hroion,  with  cobalt  ;  a  brown,  with  man- 
ganese ;  a  white,  with  stannous  salts,  etc. 

Excepting  those  of  zinc  and  tin,  the  ferricyanides  of  the  above 
metals  are  insoluble  in  dilute  hydrochloric  acid. 

2.  (a.)  With  a  fernc  or  persalt  of  iron  (that  is,  where  the  iron  is 
really  a  hexad,  although  apparently  trivalent,  as  in  (Fe2)'''Cl6),  it  gives 
no  precipitate,  but  merely  turns  the  solution  a  reddish  brown  color. 

(/3.)  With  a  ferrous  or  proto salt  of  iron  (that  is,  where  the  iron  is 
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bivalent,  as  in  Fe"Clo)  it  gives  a  deep  blue  precipitate  of  ftrrous 
feiricyanide,  Fe"3Fe"'2Cyi2  +  aq,  which,  when  dried,  constitutes  "  Twn- 
biiirs  blue.'" 

[Note. — Potassic  ferrocyauide  forms  a  blue  precipitate  (Prussian 
blue)  with  ferric  salts,  but  not  with  ferrous  salts,  potassic  ferricyanide 
constituting  the  test  for  iron  as  a  ferrous  salt,  in  which  case  a  blue 
precipitate  is  formed.  To  distinguish  Prussian  blue  (ferric  ferro- 
cyauide, 'Fe"'4Fe"3Cyi8)  from  Turnbull's  blue  (ferrous  ferricyanide, 
Fe"3Fe"'2Cyi2),  add  potassic  hydrate  : — with  Prussian  blue  we  obtain 
potassic  ferrocyauide,  and  feme  or  red  oxide  of  iron  {Fe^O^  ;  whilst 
with  Turnbull's  blue  we  obtain  potassic  ferrocyanide,  and  magnetic  or 
black  oxide  of  iron  (Fe304).] 

3.  The  ferricyanide  is  used  in  dyeing,  a  fabric  being  colored  blue 
when  boiled  in  a  solution  of  the  salt  acidulated  with  acetic  acid. 
Mixed  with  potassic  hydrate  it  forms,  as  an  oxidizing  agent,  a  dis- 
charge for  indigo.    Thus  : — 

2(K3Fe"'Cy6)  +  2KH0   =    2(K,¥e"GjQ)   +      0      +  H2O. 

Potassic  ferri-      +    Potassic    =      Potassic  ferro-     -j-    Oxygen  "Water, 
cyanide  hydrate  cyanide 

NitrO-pruSSideS. — Preparation.— Bj  the  action  of  nitric  acid  on  the 
ferro-  or  ferri-cyanides. 

Constitution. — The  nitro-prussides  may  be  regarded  as  containing  a 
radical  similar  to  ferrocyanogen  (Fe"Cy6),  where  one  of  the  monatomic 
radical  (NO)  has  replaced  one  of  Cy— (Fe"(N0)Cy5).  This  radical 
is  diatomic,  inasmuch  as  Cy2  of  the  group  remains  unsaturated. 

Hi/dro-mtro-prussic  acid,  H2(N0)Fe"Cyg,  has  been  prepared  in  a 
crystalline  form. 

Sodium  nitro-prusside  (Nao(NO)Fe"Cy5-|-2aq)  is  the  only  salt  of 
importance. 

Preparation.— Tot&ss'^c  ferrocyanide  is  boiled  with  dilute  nitric  acid, 
until  a  ferrous  salt  added  to  the  solution  gives  a  slate-colored  precipi- 
tate. It  is  then  boiled  with  an  excess  of  sodie  carbonate,  and  the 
solution  filtered  and  crystallized. 

Properties.— A  brilliant  red  crystalline  (rhombic)  body.  The  soluble 
nitro-prussides  produce  a  purple  color  with  a  mere  trace  of  an  alkaline 
sulphide. 

Ferric  Ferrocyanide  (Prussian  Blue),  'Fe'^Fe^Cyis  or  Fe^ 

Cy,B  or  3Fe"Cy2,2'Fe"2Cy6,  or  2(Fe2)-'Cy6,  3Fe"Cy2  + ISHoO). 

//esfo77/.  — Discovered  about  1700.  Its  true  nature  was  not  at 
first  understood.  Macquer  (1724)  discovered  that  it  was  decomposed 
by  an  alkali,  a  residue  of  rod  oxide  of  iron  resulting.  Hence  he 
supposed  it  must  be  a  compound  of  oxide  of  iron  with  an  acid 
which  had  a  greater  affinity  for  an  alkali  than  fur  oxide  of  iron. 
This  view  was  supported  by  the  fact  that  when  a  salt  of  iron  was 
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added  to  the  alkaline  solution,  the  prussian  blue  was  re-formed.  Scheelc, 
in  1782,  prepared  the  acid  which  he  called  ;»-mssic  acid.  Gay-Lussac, 
in  1815,  called  prussian  blue  ^jntssmie  of  iron. 

Preparation. —  (1.)  By  the  action  of  potassic  ferrocyanide  on  ferric 
salts : — 

3K4Fe"Cy6      +  2Fe2Cl6        =  Fe'^Fe^Cyia  +  12KC1. 

Totassic  ferro-      +  Ferric  chloride      =      Ferric  ferro-     +  Potassic 

cyanide  cjanide  chloride. 

[This  precipitate  forms  what  is  commercially  known  as  soluble 
2)russian  blue,  the  precipitate  being  soluble  in  pure  water.] 

(2.)  By  the  action  of  a  mixture  of  a  ferrous  and  ferric  salt  on 
potassic  cyanide.  (This  constitutes  the  principle  of  Scheele's  test  for 
HCN.)    (.S^e  page  619.) 


3Fe"Cl2  +2'Fe"'3Cl6+  18KCy  = 
Ferrous  +  Ferric  +  Potassic  = 
chloridH  chloride  cyanide 


18KC1    +  Fe"'4Fe"3Cy: 
Potassic     +  Prussian 
chloride  blue. 


(3.)  By  the  action  of  oxidizing  agents,  such  as  air,  nitric  acid,  chlo- 
rine, etc.,  on  the  light  blue  precipitate  of  potassic  ferrous  ferro-cyanide 
(known  as  EveritVs  white  salt  =  FeKgjFeCye)  produced  when  ferrous 
salts  are  precipitated  with  potassic  ferrocyanide  : — 

(a.)     K4Fe"Cy6      +    FeS04    =     FeK2,FeCy6     +  K„S04. 
Potassic  ferro-      +      Ferrous      =      Potassic  ferrous     +  Potassic 
cyanide  sulphate  ferrocyanide  sulphate. 

(ft.)  12(FeK„,Fe"Cyc)  +  302=6(K4Fe"Cy6)  +  2Fe203  +  2Fe"',¥e",Cj,s. 
Potassic  +  Oxygen  =     Potassic       -f-  Ferric  +  Prussian 

ferrous  ferrocyanide  ferrocyanide         oxide  blue. 

[This  process  is  that  ordinarily  employed  in  the  manufacture  of 
prussian  blue.  The  prussian  blue  made  m  this  way,  however,  is  not 
so  pure  as  that  prepared  by  process  1,  the  pigment  being  always 
more  or  less  mixed  with  potassic-ferrous-ferricyanide  (Fe"K,Fe"Cy6), 
which  has  also  a  blue  color,  and  which,  it  will  be  seen,  differs  only 
from  the  potassic-ferrous-ferrocyanide  by  one  potassium  atom.] 

.Properties.— Friiss'mn  blue  is  a  hard,  blue,  and  brittle  substance, 
without  taste  or  odor.  It  is  largely  used  as  a  pigment,  but  its  color 
is  not  of  a  very  permanent  nature.  That  prepared  by  process  1  is  soluble 
in  pure  water  ;  that  prepared  by  process  3  is  insoluble.  Heated  in  air, 
it  burns  freely,  leaving  a  residue  of  FcoOg.  Heated  without  air,  it 
gives 'off  water,  ammonic  cyanide  and  ammonic  carbonate,  a  carbide  of 
iron  remaining  as  a  residue. 

It  is  insoluble  in  dilute  acids,  except  in  a  solnlion  of  oxalic  acid, 
this  solution  forming  blue  ink.  Strong  stdphuric  acid  turns  it  while, 
the  color  being  restored  on  dilution  with  water.  It  is  decomposed  by 
strong  nitric  and  hydrochloric  acids.    Alkalies  and  alkaline  carbonates 
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destroy  the  color,  dissolving  out  a  ferrocyanide,  and  leaving  ferric 
oxide  : — 

'Fe"'4Fe'^3Cy,8  +  12KH0  =   3K4Fe"Cy6    +      2FeoO,     +  eH^O. 
Prussian       +    Totassic    =    Potassic  ferro-    +    Ferric  oxide    +  Water, 
blue  hydrate  cyanide 

[Thus  the  calico  printer,  in  forming  a  pattern  on  a  fabric  dyed  with 
Prussian  blue,  first  discharges  the  color  with  an  alkali,  and  then  dis- 
solves the  ferric  oxide  formed  with  a  dilute  acid.] 

(I.)  Tests  for  Hydrocyanic  Acid  and  the  Cyanides: 
(a.)  The  odor  of  prussic  acid. 

(/3.)  Argentic  Nitrate;  gives  with  the  acid  a  white  precipitate  of 
argentic  cyanide  (AgCy),  insoluble  in  nitric  acid,  soluble  in  alkaline 
cyanides,  almost  insoluble  in  ammonia.  By  these  reactions,  and  also 
by  the  precipitate  not  being  readily  blackened  on  exposure,  AgCy 
may  be  known  from  AgCl. 

The  argentic  cyanide  when  heated  evolves  cyanogen,  which  burns 
with  a  rose-red  flame,  leaving  a  residue  of  reduced  silver  only. 

(y.)  (Scheele's  Test.)  Add  to  the  acid  a  few  drops  of  a  solution  of 
potassic  hydrate.  Thus  a  potassic  cyanide  is  formed  (HCN  +  KHO  = 
KCN  +  HgO).  Add  to  the  cyanide  solution,  a  mixture  of  a  ferroxhs  and 
ferric  salt  (such  as  ferrous  chloride  and  ferric  chloride).  The  ferrous 
salt  converts  the  cyanogen  into  ferro-cyanogen  (FeCyg),  which  com- 
bines with  the  iron  of  the  ferric  salt  to  form  prussian  blue  (18KCy  + 
3FeCl2  +  2FeoC]6  =  18KCl  +  Fe7Cyi8).  If  to  this  dilute  sulphuric  acid 
be  added  to  re-dissolve  any  excess  of  the  ferrous  and  ferric  hydrates 
precipitated  by  the  excess  of  potassic  hydrate,  pure  Prussian  blue 
will  be  precipitated. 

In  dilute  solutions  the  reactions  are  somewhat  slow. 

[Thus  in  hydrocyanic  acid  poisoning,  a  mixture  of  solutions  of  sul- 
phate  of  iron,  perchloride  of  iron,  and  potassic  hydrate,  constitutes  the 
best  antidote."] 

(S.)  Mercwous  Nitrate ;  a  grey  precipitate  of  metallic  mercury,  mer- 
curic cyanide  remaining  in  solution. 

(e.)  Place  some  hydrocyanic  acid,  or  a  mixture  of  a  cyanide  and 
hydrochloric  acid  in  a  watch-glass.  Invert  over  this  a  second  watch- 
glass,  moistened  with  a  few  drops  of  yellow  ammonic  sulphide  in  such 
numner  that  the  sulphide  may  be  freely  exposed  to  the  vapor  of  the 
acid.  Heat  the  deposit  so  formed  on  the  covering  glass  very  gently  to 
dryness.     Thus  an  ammonic  sulpho-cyanate  (NH4CNS)  is  formed  :— 

(NH,)2S-FS2    +      2HCy      =      2NH4CyS      +  H„S. 

Yellow  ammonic     +    Hydrocyanic    =    Ammonic  sulpho-    +  Sulphuretted 
sulphide  acid  cyanato  hydrogen. 

riiis  residue  of  ammonic  sulphocyanate,  when  touched  with  a  ferric 
chloride  solution,  yields  the  blood-red  color  of  ferric  sulphocyanate. 
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Estimation  of  Hydrocyanic  Acid. — 1.  Argentic  nitrate  is  added  to 
a  known  quantity  of  the  sohition,  and  the  argentic  cyanide  formed 
collected  and  weighed. 

100  grs.  of  AgCN  =  19-4   grs.  of  CN,  or 
=  48-57  grs.  of  KCN. 

2.  Supersaturate  a  hydrocyanic  acid  sohition  with  potash,  and  add 
a  few  drops  of  a  solution  of  common  salt.  Add  to  this  a  nitrate  of 
silver  solution  of  known  strength.  Immediately  that  a  permanent 
precipitate  of  AgCl  occurs,  it  proves  that  all  the  HCN  present  in  the 
solution  has  been  converted  into  the  soluble  double  salt  KCyAgCy, 
the  combination  of  the  chlorine  with  the  silver  not  occurring  until 
this  is  complete.  (Every  170  of  AgNOs  corresponds  to  26  of  cyano- 
gen, and  to  65-1  of  KCy.) 

(II.)  Tests  for  the  Ferrocyanides  : 

Ferric  salts;  a  blue  ppt.  of  Prussian  blue  ('Fe"'4Fe"3Cyi8)-  On 
the  addition  of  an  excess  of  potash  the  red  ferric  oxide  is  produced. 
Cupric  salts;  a  red  ppt.  of  cupric  ferrocyanide  (Cu"2Fe"Cy6). 

(3.;  Tests  for  the  Ferricyanides  : 
Ferric  salts ;  no  ppt.,  but  merely  a  reddish-brown  solution  formed. 
Ferrous  salts;  a  blue  ppt.  of  ferrous  ferricyanide  (Fe"3Fe"'2  Cyig). 
On  the  addition  of  an  excess  of  potash,  the  black  magnetic  oxide  of  iron 
is  produced. 

(4.)  Tests  for  the  Stdphocyanntes  (Sulphocyanides): 

Ferric  salts ;  a  blood-red  coloration  from  the  formation  of  ferric 
pulphocyanate.  The  red  color  is  discharged  on  the  addition  of 
mercuric  chloride. 

(5.)  Tests  for  the  Nitro-jirussides  : 
Alkaline  sulphides ;  a  purple  color. 


CHAPTER  XXII. 


THE  HYDROCARBONS. 

Series  op  Hydrocarbons. — The  Paraffins — Chloroform — The  Olefines — Acetylene — 
Turpenes — Benzenes — Naphthalene — Anthracene— Formation  of  Alizarene. 

Supplement. —  Paraffin  and  Petroleum  —  Turpentine  — Volatile  Oils  —  Camphors  — 
Eesins — Gum  Resins — Oleo-Eesins — Balsams — India  Rubber — Gutta  Percha. 

THE  HYDROCAEBONS. 

It  will  assist  us  if,  before  considering  the  hydrocarbons  in  detail,  we 
note  the  following  facts  : — 

1.  Carbon  is  a  tetrad  element.  When  combined,  therefore,  with 
four  monad  atoms  (as  in  CH^),  it  is  regarded  as  fully  "  saturated." 

2.  Although,  however,  the  carbon  in  CH4  is  fully  saturated,  and  is 
therefore  incapable  of  further  combination  (in  other  words,  it  cannot 
form  an  additive  compound),  nevertheless  it  can  exchange  one  or  more 
unit  weights  of  its  hydrogen  for  an  equivalent  quantity  of  some  other 
element  (in  other  words,  it  can  form  a  substitution  compound).  Thus 
CH4  can  form  CH3CI  or  CHgClg,  etc.  These  substitu'ion  com- 
pounds with  the  halogens  are  called  haloid  derivatives.  Again,  it 
can  exchange  its  hydrogen  for  a  monad  group,  such  as  (CN)',  (NOg)', 
(NHo)',  etc.,  and  thus  form  other  derivatives,  as  CH3(CN)',  etc. 

3.  Again,  carbon  has  the  property  of  uniting  with  itself  (duplication). 
Whenever  this  occurs  its  atom-fixing  power  is  increased  by  at  most 
two  monad  units  ;  thus — 

1  of  carbon  can  unite  with  4  unit  weights  of  hydrogen,  etc.,  to  form  CH^ 

2  of  carbon       „       „       6        „  „  „  CjHg 

3  of  carbon       „       ,,        8  „  ,,  C^ELg 

This  fact  has  been  already  represented  graphically  (see  page  559). 

A  series  where  the  members  or  terms  of  the  series,  as  they  are 
called,  increase  by  a  regular  increment  of  CHg,  is  called  an  homologous 
series.  All  the  members  of  the  series  described  above  are  fully 
saturated. 

4.  If  a  saturated  hydrocarbon,  as  CH4,  be  deprived  of  a  molecule  of 
liyd  rogen  (Hj),  a  residual  molecule  is  left  (C  Hg)  which  is  "  non  saturated," 
and  gives  rise  to  a  new  homologous  st-ries,  all  the  members  of  which 
are  also  non-saturated  molecules  ;  as  follows  : — 

CH2— C2H4— C3H6— C4H8,  etc. 
These  non-saturated  hydrocarbons,  however,  are  able  to  unite  with 
other  elements  or  compound  radicals  to  form  saturated  compounds. 
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5.  By  an  isologous  series,  we  imply  a  series  in  which  the  successive 
terms  differ  by  Hg  ;  thus 

Ethane   CsHg 

Ethane  (Ethylene)   CoH^ 

Ethine  (Acetylene)   CgHa,  etc., 

constitute  an  isologous  series. 

6.  Hydrocarbons  of  even  equivalence  (such  as  those  with  the  for- 
mula CnHgn+g.  as  CH4)  may  exist  separately,  whilst  hydrocarbons 
of  unequal  equivalence  (as  CH3,  methyl)  are  incapable  of  existing  in 

thefree  state,  unless,  perhaps,  as  double  molecules, z.^.  |  ^g2=C2H6. 

7.  A  hydrocarbon  containing  an  even  number  of  hydrogen  atoms 
has  been  regarded  as  a  hydride  of  a  radical  containing  an  uneven 
number  of  hydrogen  atoms.  Thus  methane  (CH4)  may  be  regarded 
as  a  hydride  of  methyl  (CH3.H)  ;  ethane  (CgHg)  as  a  hydride  of  ethyl 
(C2H5.H),  etc.  The  groups  CH3,  CgHg,  etc.,  are  called  either  "hy- 
drocarbon radicals,"  or,  for  reasons  to  be  seen  directly,  "alcohol 
radicals." 

It  must,  however,  be  remembered  that  there  is  no  ground  for  the 
belief  that  one  hydrogen  of  the  body  CH4  plays  a  different  part  in 
the  compound  to  the  other  three. 

8.  (a.)  An  alcohol  is  a  hydrocarbon  in  which  one  or  more  atoms  of 
hydrogen  have  been  replaced  by  one  or  more  of  the  group  (OH). 
An  alcohol  may  be  regarded  as  the  organic  analogue  of  a  metallic 
hydrate,  such  as  Na  (OH).    Thus:  — 

Methane  CH4  forms  methylic  alcohol  CH3(0H),  or  methylic  hydrate ; 
Ethane  CoRq     „     ethylic  alcohol  C2H5(OH),  or  ethylic  hydrate  ;  etc. 

(/3.)  A  thio-alcohol  or  mercaptan  is,  in  like  manner,  the  organic 
analogue  of  a  metallic  sulphydrate,  as  Na(SH)  ;  thus 

Methylic  sulphydrate  CH3(SH)  ;  Ethylic  sulphijdrate  C2H5  (SH),  etc. 

9.  (a.)  An  oxygen  ether  is  a  compound  of  hydrocarbon  radicals  and 
oxygen.  It  may,  therefore,  be  regarded  as  an  alcoholic  oxide  or  anhy- 
dride. It  will  be  remarked  that  the  relationship  of  Na(OH)  to 
NagO  is  an  analogous  relationship  to  that  existing  between  an  alcohol 
and  an  ether.    Thus — 

Sodic  hydrate  Na(OH)      and  Sodic  oxide  Na20  correspond  to 
Ethylic  alcohol  C2H5  (OH)  and  Ethylic  ether  (CeHs),^. 
(/3.)  In  a  sulphur  (tbio-ether)  or  selenium  ether,  which  may  be 

regarded  as  the  analogues  of  metallic  sulphides  or  selenides,  the  O  is 

replaced  by  S  or  by  Se  ;  e.g.,  (C2H5)2S,  etc. 

10.  An  aldehyde  is  a  hydrocarbon  where  the  hydrogen  is  replaced 
by  the  group  (COH)'.    Thus  :— 

Methane  CB.:^.}!  y\e\^s  acetic  aldehyde  (COB). 
It  may  be  remarked   here  that  an  aldehyde  is  produced  by  the 
oxidation  of  an  alcohol,  and  an  acid  by  the  oxidation  of  an  aldehyde. 
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Thus  an  aldehyde  stands,  as  it  were,  midway  between  an  alcohol  and 
an  acid.    Thus  : — 

CoHgO       —       CeH.O       —  C2H4O2. 
Ethylic  alcohol     —    AceHc  aldehyde    —        Acetic  acid. 

11.  A  ketone  is  an  aldehyde  where  the  H  of  the  group  COH  in  the 
aldehyde,  is  replaced  by  a  monad  hydrocarbon  group.    Thus  : — 

CH,3{C0H)    —  CHgCCOCCH,)). 
Aldehyde  —        Dimethyl  ketone. 

The  ketones  differ  from  the  aldehydes  in  the  products  of  their 
oxidation. 

12.  An  organic  acid  may  be  regarded  as  a  hydrocarbon  where  the 
hydrogen  is  replaced  by  the  group  carboxyl  (CO. OH)'.    Thus  : — 

CH4   —    CHgCCOOH);        CgHg    —  CfiHsCCOOH). 
Methune  —        Acetic  acid ;  Benzene  —        Benzoic  acid. 

The  acids  may  be  regarded,  therefore,  as  oxidized  alcohols  and 
aldehydes. 

Series  of  Hydrocarbons. 

We  have  to  consider  the  following  series  of  hydrocarbons  : — 


Sekies. 


I.  Marsh  gas  (paraffins) 
II.  Olefines  

III.  Acetylene 

IV.  Turpenea 

V.  Benzenes 

(Aromatic  series.) 
VI.  Cinnamene   . . 

VII. 

VIII.  Naphthalene..  .. 
IX. 
X. 

XI.  Ant>iracene  . . 
XII. 

XIII.  Chrysene 
XIV. 
XV. 


Formula  of  Series. 


C'TiII<!n— fi 


W^i2n-26 


Examples. 


(  Methane  OH^ 
I  Ethane 
r  Ethylene  C^H^ 
\  Propylene  C3Hg 
j  Acetylene  CjHj 
I  Allylene  C3H4 
j  Quintone  CjH(, 
\  Decone  C,QH,g 
i  Benzene  CgHg 
\  Toluene 
f  Cinnamene  CgHg 
\  AUylbenzene  CglljQ 

Acetenylbenzene  OjHg 

Naphthalene  C,oHg 

Diphenyl  CjjHjg 

Stilbene  Ci^Hi, 

Anthracene  C,4H,„ 

Diacetenyl-benzene  C,gH,o 

Chrysene  C,gII,2 

Tetrapbenylethylene  CjgHjf 


Respecting  these  series  we  would  note  generally  that  — 
1.  Series  II.  and  III.  (viz.,  the  olefine  and  acetylene  series)  may  be 
obtained  from  the  Series  I.  (the  paraffins)  by  similar  operations.  Further 
we  note  that  the  paraffins  do  not  form  additive  compounds  with  the 
lialoids,  but  that  the  Series  II.  and  III.  (viz.,  the  olefines  nnd  acetylene 
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series)  do,  being  thus  rendered  compounds  of  similar  constitution  to 
the  paraffins.    Thus  : — 

ri  TT  f  n  xj  n\  ^  ^  substitution  )     ^  tt 

C,H,         forms        C,H,CU  |  derivative  of  }  ^^^^ 

Acetylene  Tetrachlorethane  Ethane. 

2.  Tlie  paraffins  are  in  all  respects  a  singularly  inert  class  of 
bodies. 

3.  Series  I.,  II.  and  III.  do  not  form  nitro-derivatives  or  sulphonic 
acids,  by  their  direct  union  with  nitric  and  sulphuric  acids. 

4.  The  "  terpenes  "  (Series  IV.)  are  a  very  stable  group.  They 
have  a  peculiar  action  on  polarized  light,  and  combine  readily  with 
the  haloids,  but  they  yield  neither  nitro-derivatives  nor  sulphonic 
acids. 

5.  The  benzenes  (Series  V.),  or  "aromatic  series"  as  they  have  been 
called,  and  with  them  Series  VIII,  and  XI.,  form  additive  compounds 
with  difficulty,  but  substitution  derivatives  with  ease,  these  latter  being 
stable  bodies,  in  some  cases  not  even  decomposed  by  fusion  with  po- 
tassic  hydrate.  The  benzenes  form  nitro-compounds  and  sulphonic 
acids  by  direct  union  with  nitric  and  sulphuric  acids,  by  which  circum- 
stance they  may  be  distinguished  from  all  the  preceding  series  of 
hydrocarbons,  but  not  from  succeeding  series. 

6.  The  naphthalene,  anthracene,  chrysene  and  pyrene  series  of 
hydrocarbons,  form  by  oxidation  "  quinnnes,"  that  is,  bodies  where 
two  units  of  hydrogen  are  replaced  by  two  units  of  oxygen. 


Marsh  Gas  Series,  or  Paraffins. 

Series  I. — Formula  CnHgn+z' 


Name. 


Methane   . . 
Ethane 
Propane 
Butane  [teti  ane) 

Pentane 
Hexane 
Heptane    . . 
Octane 
Nonane 
Decane 
Undecane  . . 
Dodecane  . . 
Tridecane  . . 
Tetradfcane 
Pentadeeane 
Hexdecane 


Formulae. 


CH, 

CjHb 
C3H8 


^13^28 


Boiling  point  of 
Noimal  IParaffin. 


F. 


33-8° 

100-4° 
158-0° 
210-2° 
255 
298 
334 
363 
395-6° 
424-4° 
461-0° 
o05-6° 
532-4° 


2° 
40 

40 
2° 


C. 


1° 

38° 
70° 
99° 
124° 
148° 
168° 
184° 
202° 
218° 
240° 
262° 
278° 


Sp.  Gr.  at 
deg.  Cent. 


-600  at  0° 

•628  at  17° 
-669  at  16° 
•699  at  15° 
-726  at  15° 
•728  at  13° 
•739  at  13° 
•765  at  16° 
•774  at  17° 
•792  at  20° 

•826  at  16° 


Eemarks. 


Ethyl  hydride  C2H5.  H. 
Methyl  ethyl  C2H5.CK, 
Diethyl  (C3H5),. 


Dibutyl  (C^Hg), 


Solid— melts  at  69  8" 
(21°  C).  
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The  above  table  represents  the  gravities  and  boiling  points  of  the 
normal  primary  paraffins.  Isomeric  modifications  of  many  of  these 
bodies  have  been  prepared,  but  no  isomers  are  known  of  the  first  three 
terms  of  the  series,  viz.,  methane,  ethane,  or  propane.  These  isomers 
are  prepared  differently,  have  different  gravities  and  boiling  points, 
and  exhibit  different  reactions.  It  is  customary  and  convenient  to 
express  these  varieties  by  different  formulse,  although  such  expressions 
must  be  regarded  as  merely  theoretical,  and  not  in  any  sense  represen- 
tations of  actual  molecular  construction. 

Thus  the  three  first  terms  of  the  series  have  no  isomers,  and  how- 
ever prepared,  exhibit  the  same  chemical  and  physical  properties. 
Graphically,  they  may  be  represented  thus  : — 

CH3 
CH3  I 
CH4         I  CHs 
CH3  I 

CH3 

Methane.     Ethane.  Propane. 

This,  indeed,  is  the  only  way  in  which  it  is  possible  to  group 
the  carbon  atoms  of  these  bodies.  The  fourth  term  CJI^q  is  derived 
from  the  third  term  by  the  replacement  of  one  hydrogen  atom  by  the 
group  CH3.  But  this  displacement  of  hydrogen  may  occur  in  one 
of  two  places  ;  i.e.,  either  in  one  of  the  end  CH3  groups,  or  in  the 
centre  CH2  group.  In  the  one  case,  none  of  the  carbon  atoms  would 
be  united  with  more  than  two  carbon  atoms,  whilst  in  the  second  case 
one  of  the  carbon  atoms  would  be  directly  combined  with  three  carbon 
atoms.  Thus  the  two  forms  of  the  hydrocarbon,  butane  (C4H10),  may 
be  represented  as — 

(1.)     H   H  H    H  or  as  (2.)      H      H  H 

I     I     I      I  III 
H-C-C-C-  C-H  H-C  C  C-H 


H  H  H  H  H 


H 


H— C— H 
I 

H 

(CH3.CH2.CH2.CH3),  (CH3.CH(CH3).CH3). 
Normal  butane  Iso-butane. 
No.  1.  No.  2. 

It  has  been  shown  that  the  various  isomers  (and  it  is  evident  that 
the  number  of  isomers  will  increase  with  the  advance  of  a  series) 
may  be  represented  under  four  heads  : — 

(1.)  Where  each  carbon  atom  is  at  most  associated  with  two  carbon 
atoms  (No.  1  as  figured  above).  A  paraffin  so  constituted  is  termed 
a  normal  parajjin. 

(2.)  Where  one  carbon  atom  is  associated  ivith  three  carbon  atoms 

s  s 


I 


626 


HANDBOOK  OF  MODERN  CHEMISTRY. 


(No.  2  as  figured  on  the  preceding  page).  A  paraffin  so  constituted  is 
termed  an  iso-paraffin. 

(3.)  Where  such  group  (i.e.,  one  carbon  atom  being  associated  with 
three  carbon  atoms)  occurs  twice  in  a  molecule.  A  paraffin  so  constituted 
has  been  termed  a  meso-paraffin,  as,  e.g.,  in  meso-hexane  (CqHh). 

CH3  CH3 

1  1 
H— C  C  H 

I  I 
CH3  CH3 

No.  3. 

(4.)  Where  one  carbon  atom  is  associated  with  four  other  carbon  atoms. 
A  paraffin  so  constituted  has  been  called  by  Odling  a  neo-paraffin,  as, 
e.g.,  in— 

CH3 

GH3.H2C— C— CH2.CH3 

CH3 
No.  4. 

Similarly  it  must  be  noted  that  various  isomers  of  the  derivatives  of 
the  paraffins  will  also  result  from  displacement  taking  place  in  different 
groups.    Thus — 

CHg.CHo.CHoI    =    propyliodide  (a-iodopropane). 
CH3.CHi.CH3     =    iso-propyliodide  {^-iodopropane). 

Or  again  we  may  have  such  isomeric  compounds  as  the  following:  — 

CH3.CHo.CHo.CH2(OH)=  Normal      butylic  alcohol. 

CH(CH3)2.CH2(OH)       =  Iso-primary  do. 

C(CH3)(CoH5)H.OH      =  Secondary  do. 

C(CH3)3(6h)  =  Tertiary  do. 

Preparation  of  the  Paraffins.-(^?^^<^''«Z-)  i-  From  the  alcohols 

of  the  CnH„n+iOH  Series.  These  are  first  (a)  converted  into  mono- 
chlorinated,'  etc.,  paraffins  by  the  action  of  a  haloid  acid,  and  after- 
wards (i3)  submitted  to  the  action  of  nascent  hydrogen.  These 
actions  may  be  noted  in  the  preparation  of  ethane  ; 

(a^    CH.fOH)    +  HCl         =     (CoH5)Cl     -h  HoO. 

Ethylic  alcohol    +    Hydrochloric  acid    =    EthyHc  chloride  Water. 

(/3.)      (C2H5)C1  Ho.      =   C^Hg    +  HCl. 

EthyUc  chloride    +    Hydrogen    =    Ethane    -f    Hydrochloric  acid. 

2.  By  the  action  on  the  alcoholic  iodides,  either  (a),  of  zinc  and 
water,  or  (/3),  of  zinc  alone  and  heat,  in  closed  vessels  :— 
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(a.)  2C2H5I    +  Znj  + 

Ethylic     +  Zinc  + 
iodide 

(13.)      2C2H5I  +  Zn 

Ethylic  iodide  +  Zinc 


2H2O  = 
Water  = 


Zincic 
hydrate 

Znl2 
Zincic  iodide 


+ 
+ 


Znio 

Zincic 
iodide 

+ 
+ 


+  2C0H6. 
+  Ethane. 

C4H10. 
Tetrane. 


3.  Fi-om  the  acetic  series  of  acids  by  electrolysis 

+ 


2C2H4O0 
Acetic  acid 


—  C2H5 
=  Ethane 


+ 
+ 


+ 

+ 


Hydrogen. 


2C0o 
Carbonic  anhydride 

4.  F7-om  (a)  the  acids  of  the  acetic  series,  and  (j3)  the  acids  of  the  suc- 
cinic series,  by  the  action  of  alkalies  on  their  alkaline  salts  : — 


(a.)  KC2H3O2 

+ 

KHO 

=  K2CO3 

+ 

CH4. 

Potassic 

+ 

Potassic 

=  Potassic 

Methane. 

acetate 

hydrate 

caxbonate 

08.)  KoCsHioO^ 

+ 

2KH0 

-  2K2CO3 

+ 

Potassic 

+ 

Potassic 

=  Potassic 

+ 

Hexane. 

suberate 

hydrate 

carbonate 

General  Properties. — («.)  Physical.  The  viscidity  of  the  paraffins 
increases  with  their  molecular  weight,  the  members  of  the  series  be- 
coming gradually  less  volatile  and  of  higher  gravity.  Thus  the  first 
three  terms  of  the  series  are  gaseous,  those  next  in  order  are  liquid, 
whilst  the  final  terms  are  solid. 

(/3,)  Chemical  Chlorine,  and  bromine  to  a  less  extent,  act  directly 
on  the  paraffins  under  the  influence  of  sunlight,  to  form  substitution 
products,  which  may  be  partial  or  complete.  Iodine  forms  no  such 
compounds  directly,  but  it  forms  them  indirectly.  Thus  iodine,  by 
its  action  in  the  presence  of  potassic  hydrate,  on  various  organic  sub- 
stances, such  as  sugar,  alcohol,  etc.,  forms  iodoform  (CHI3). 

When  chlorine  acts  on  the  normal  primary  paraffins,  it  forms  simul- 
taneously two  isomeric  derivatives,  differing  in  their  boiUng  points 
and  in  their  specific  gravities,  and  convertible  respectively  into  a 
normal  primary  and  a  normal  secondary  monohydric  alcohol.  One 
or  two  illustrations  will  suffice:  — 


Boiling  point  of  Derivative. 

Specific 

Gravity,  at  0°  C. 

(a.) 

m 

(a.) 

0  ji 

°  C. 

°  C. 

f^s^ci  ..  .. 

CaH^Cl  

cXci..  .: 

CsH^Cl  

54-5 
115-7 
171-5 
223-7 

12-5 
46-5 
77-5 
106-5 

102-2 
158-0 
231-8 

39 
70 
111 

0-920 
0-915 
0-907 
0-901 

0-874  at  10° 
0-895  at  0° 
0-886  at  0° 

s  s  2 
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With  nitric  acid  paraffins  do  not  form  nitro-compounds  directly, 
although  nitro-compounds,  such  as  CHgCNOg),  may  be  produced  by 
indirect  means. 

Some  of  the  more  important  substitution  derivatives  of  the  paraffins 
are  stated  in  the  following  table  : — 


Name. 


Methylic  chloride 
(Moaoclilormetliane) 


Methylene  chloride 
(Dichlormethane) 


Formulae. 


Chloroform  

(Trichlormethane) 

Carhonic  Tetrachloride 
(Tetrachlormethane) 


Iodoform 

(Tri-iodo-methane) 


Bromoform  . . 
Nitro-methane 


Nitro-ethane . 


CH3CI 


CHjClj 


CHCL 


CCI4 


CHI, 


Cyano-ethane  or  Ethyl 
cyanide 


Cyano-methane  or  Me- 
thyl cyanide 


CHBrj 
CH,(NO,) 


C,H,(NOJ 


C,H,{CN) 


CH3(CN) 


Preparation  and  Properties. 


Preparation. — (1.)  By  the  action  of  CI  on 

CH^  in  diffused  light. 
(2.)  By  the  action  of  HCl  gas  on  methylic 

alcohol. 

Properties. — A  colorless  gas,  condensing  at 

— 4°F.  (-20=  C). 
Preparation. — By  the  action  of  CI  on  CH3CI 

in  sunshine. 
Properties.  —  A  colorless   liquid  ;  specific 
gravity,  1-36  ;  boils  at  107-6°  F.  (42°  C.) 
Preparation. — By  the  action  of  CI  on  CH^. 


Preparation. — (1.)  By  the  action  of  chlorine 

on  chloroform  in  sunlight. 
(2.)  By  the  action  of  CI  on  warm  CSj. 
Properties.  —  A   colorless  liquid ;  specific 
gravity,  1-6  ;  boils  at  172-4°  F.  (78°  C). 
By  the  action  of  nascent  hydrogen  CCI4 

may  be  successively  reduced  to  CH^. 
Preparatio7i. — By  the  action  of  iodine  on 
alcohol,  etc.,  in  the  presence  of  potassic 
hydrate. 

Properties.  —  A  yellow  crystalline  body, 
soluble  in  alcobol  and  in  ether.  It  forms 
cyanoform,  CH(CN)3,  vhea  heated  with 
mercuric  cyanide. 

Preparation.— the  action  of  argentic 
nitrate  on  methylic  iodide  (CHgl+AgNOj 
=  Agl+CHsNOj). 
Properties. — An  oily  liquid ;  boils  at  210-2 
F.  (99°  C.)    Forms  with  NaHO  the  de- 
rivative CH2Na(N0a). 
Preparation. — By  the   action   of  argentio 

nitrate  on  ethylic  iodide. 
Properties.— k  colorless  liquid;  boils  at 
235-4°  F.  (113°  C).    By  the  action  of 
nascent  hydrogen,  forms  ethylamine. 
"When  methyl  or  ethyl  iodide  is  heated  with 
argentic  cyanide,  two  isomeric  ethyl  or 
methyl  liquid  compounds  are  formed :— ■ 
Ethvl  compounds  :  (1.)  boils  at  191-3°  F. 
^        ^  (88-5°  C);  no  odor. 

(2.)  boils  at  174-2°  F. 
(79°  C.) ;  intoler- 
able odor. 
(1.)  boils  at  170-6°  F. 
(77°  C.) ;  not  acted 
on  by  acids. 
(2.)  boils  at  131°  C.  (66° 
C.) ;  decomposed 
by  acids. 


Methyl  compounds 


TRICHLOROMETHANE — CHLOROFORM. 
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Cyano-paraffins. — These  compounds  may  be  regarded  as  paraffin 
derivatives,  either  where  three  atoms  of  hydrogen  have  been  sub- 
stituted by  trivalent  nitrogen,  or  where  one  atom  of  hydrogen  has 
been  substituted  by  the  univalent  radical  Cy.  Thus  methyl  cyanide 
may  be  regarded  either  as  azo-ethane  or  as  cyano-methane,  and  would 
be  represented  accordingly  either  as  N  =  C-CH3  or  CHgCy. 

Amido-paraffins. — These  compounds  may  be  regarded  either  (a)  as 
paraffin  derivatives  where  one  or  more  hydrogen  atoms  in  a  paraffin 
are  replaced  by  their  equivalent  of  (NHg)'  {e.g.,  amido-ethane,  or 
ethylamine  CgHg(]N'H2)),  or  (/3)  as  ammonia  derivatives  (hence  termed 
amines),  where  one  or  more  hydrogen  atoms  of  the  ammonia  have 
been  replaced  by  their  equivalents  of  hydrocarbon  radicals  (e.  g.,  ethyl- 
amine may  be  regarded  as  NHgCCsHg)). 

Nitro-paraffins. — C^Haa+i  (NOo),  are  formed  by  the  action  of  silver 
nitrite  on  the  iodo-paraffins  or  alcoholic  iodides  (CH3I  +  Ag. 
NO2  =  AgI-|-CH3(N02)),  and  are  convertedinto  amido  paraffin  (amines) 
by  the  action  of  nascent  hydrogen  (CH3(N02)  +  SHg  =  2H2O  -|- 
CH3  (NH2)). 

Methane  (Methylic  hydride).  Marsh  gas ;  fire  damp  (CH4),  (page 
271).    \_Molecular  weight,  16.    Specific  gravity,  •557.] 

This  gas  is  found  arising  from  decomposing  vegetable  matter  in 
stagnant  pools,  also  mixed  with  air  in  coal  mines,  where  it  forms  the 
dangerous  mixture  fire-damp.  It  is  formed  by  the  destructive  distil- 
lation of  coal,  and  is  the  most  abundant  hydrocarbon  in  ordinary  coal 
gas.  It  is  most  readily  prepared  by  heating  a  mixture  of  2  parts  sodic 
acetate,  2  parts  caustic  potass,  and  3  parts  quick  lime. 

NaC2H302  +  KHO  =  NaHCOs  +  CH4. 

It  is  a  colorless  and  inodorless  gas,  and  burns  with  a  blue  non- 
luminous  flame. 

Trichloromethane  (Chloroform).    Terchloride  of  formyle  ;  methenyl 
chloride;  dichlorinated methylic  chloride  (CHCI3).  [_Molecxdar  weight, 
119-5.  Specific  gravity,  1-525,  at  0°  C.  Boils  at  141-8°  F.  (61°  C). 
Vapor  density  {air=\)  4-20.] 
Preparation.— {\.)  By  the  action  of  chlorine  on  methane. 
(2.)  {Commercial  method.)    By  distilling  1  part  of  alcohol  (wood 
spirit  being  sometimes  employed)  with  6  parts  of  chloride  of  lime 
{bleaching  powder),  and  24  parts  of  water.    The  distillate  consists  of 
water  and  chloroform,  which,  on  standing,  separates  into  two  layers, 
the  water  swimming   on  the  chloroform.    The  exact   reaction  is 
doubtful.    Probably  (a)  chloral  is  formed  in  the  first  stage,  and  C/B)  in 
the  next  stage  is  decomposed  by  the  calcic  hydrate  ;  thus — 
(a.)C8H5(OH)  +        4CI2       =         oHCl         +  CCI3COH. 

Alcohol        +       Chlorine        =    Hydrochloric  acid    +  Chloral. 
(A)  2CCI3COH -I-     CaH202     =    Ca"(CH02)2     +  2CHCI3. 
Chloral        +  Calcic  hydrate   =      Calcic  formate     +  Chloroform. 
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The  chloroform  is  afterwards  purified  from  certain  oils  distilling  along 
with  it,  by  agitation  with  oil  of  vitriol,  on  which  the  chloroform  floats. 
It  is  drawn  off  from  the  acid  and  again  distilled. 

(3.)  By  the  action  of  alkalies  on  chloral  hydrate 

CC]3.CH(0H)2 + NaH0=CHCl3  +  NaHCOg  +  HgO. 

Properties. — (a.)  Physical.  A  colorless  liquid,  having  a  fragrant  odor 
and  a  sweet  taste.  Specific  gravity,  1*48.  It  is  insoluble  in  water,  but 
miscible  with  ether  and  alcohol  in  all  proportions. 

(/3.)  Chemical.  Chloroform  burns  with  difficulty  with  a  greenish 
flame.  Sulphuric  acid  has  no  action  upon  it.  Boiled  with  nitric  acid, 
it  forms  chlorojyicrtn  (nitrotrichlormethane  [C(N02)Cl3],  a  colorless 
liquid,  having  a  specific  gravity  of  1*6,  and  boiling  at  233*6°  F. 
(112°  C).  Boiled  with  a  solution  of  potassic  hydrate  chloroform  forms 
potassic  chloride  and  formate  (CHCl3  +  4KHO=3KCi  +  CHO(OK)  + 
2H2O).  When  heated  with  potassium  amalgam,  acetylene  (CgHo)  is 
set  free.  Distilled  in  a  current  of  chlorine,  it  forms  CCI4.  If  a  solu- 
tion containing  a  small  quantity  of  chloroform  be  heated  with  aniline 
and  alcoholic  soda,  a  penetrating  unpleasant  smell  of  carhamine  will  be 
observed. 

Uses. — As  an  anaesthetic.    For  dissolving  caoutchouc,  and  for  ex- 
tracting the  alkaloids  from  organic  matters.  f. 
(^See  Supplementary  Chapter.) 

The  Olefines. 

Series  II. — Formula  Cjjiza- 


The  following  hydrocarbons  of  this  series  have  been  obtained  : — 


Fonnulse 

Melting  point. 

Boiling  point. 

°  C. 

"  C. 

Ethylene  (ethane) 
Propylene  (propene) . . 
Butylene  (quartene)  . . 
Amylene  (pentene)  . . 
Hexylene  (sextene)  . . 
Heptylene  (septene)  . . 
Octylene  (octene) 
Nonylene  (nonene)  . , 
Diamylene  (decene)  . . 
Triamylene 
Cetene  (sexdecene)  . . 
Tetr-amylene    . . 

Melisaene  (melene)  . . 

C4H8 

^6012 
CsH.6 

CgHjg 

C15H30 

^20^40 
C27H54 

^30^60 

134*6 
143-6 

57 
62 

—0-4 
33-8 
95 

149 

204-8 

248 

284 

320 

482 

527 

752 

707 

—18 
1 

35 

65 

96 
120 
140 
160 
250 
275 
400 

(?) 
375  (?) 

See  page  272. 
A  colorless  liquid 

Preparation  of  the  Olefines  (General).— l.  From  the  alcohols  of 
series  CnHsn+jOH,  by  abstracting  the  elements  of  water  by  dehy- 
drating reagents  (such  as  sulphuric  acid).    Thus  : — 
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C0H5.OH  =  C0H4  +  H2O. 

Ethylic  alcohol        =        Ethylene        +  Water. 

2.  From  the  ])a7-affins,  (a.)  By  the  action  of  Hme  or  potassic  hy- 
drate on  their  mono-haloid  derivatives.    Thus  : — 

C4H9I     +    KHO   =    C^Hg     +      KI      +  H,0. 

lodotetrane    +    Potassic    =    Butylene    -f    Potassic    +  Water, 
hydrate  iodide 

(/3.)  By  the  action  of  sodium  on  a  mixture  of  a  mon-iodo-paraffin 
and  a  mon-iodo-olefine. 

(y.)  By  the  decomposition  of  a  mon-iodo-paraffin.  At  the  moment 
that  the  monad  radical  is  set  free,  its  transformation,  by  the  action  of 
zinc  or  sodium,  into  the  dyad  radical  and  the  hydride  of  the  monad 
radical,  may  be  accomphshed.  This  is  seen  in  the  formation  of 
ethylene : — 

2C2H5I    +     Zn     =      C2H4      +     Znl2     +  C2H5.H. 

Ethylic     +     Zinc     =     Ethylene     +     Zincic     -f  Ethylic 
iodide  iodide  hydride. 

(S.)  By  the  action  of  a  mon-iodo-paraffin  on  a  sodium  compound  of 
the  same  radical.    Thus  : — 

C2H5I     +     C2H5Na    =      C2H4      +    Nal     -|-  C0H5H. 
Ethylic      +       Sodium      =      Ethylene     +     Sodic     +  Ethylic 
iodide  ethyl  iodide  hydride. 

3,  From  other  simpler  hydrocarbons  by  direct  synthesis.    Thus  : — 

(a.)  CgHg         +  Hg  =  C2H4. 

Acetylene        -f        Hydrogen        =  Ethylene. 

03.  )    2CH4     4-         CO  =      C3H6      -1-  HoO. 

Methane     -j-     Carbonic  oxide     =      Propylene     -f-  Water. 

4.  From  acids  of  the  Cnllgn  (C0.0H)2  series  by  electrolysis. 

Properties  {General). — (a.)  Physical.  The  lower  members  of  this 
series  are  gaseous  ;  the  higher  are  solid ;  the  intermediate  terms  are 
liquid. 

(/3.)  Chemical.  The  olefines  are  dyad  radicals.  Thus  they  unite 
with  two  atoms  of  the  haloids  (as  C2H4Br2),  or  with  one  of  oxygen  (as 
C2H4O).  They  unite  directly  with  the  haloids,  to  form  compounds 
which  are  decomposed  by  an  alcoholic  solution  of  potassic  hydrate. 
Thus  :— 

C2H4CI2    +     KHO     =     KCl      -f     H2O     +  C2H3C]. 
Ethylepo     +     Potassic      =      Potassic     -1-     Water     -(-  Chlor- 
dichloride  hydrate  chloride  ethylene. 

The  compound  CgHgCl  may  be  made  to  combine  with  CL  to  form 
the  compound  C2H3CI3.  When  this  is  decomposed  with  alcoholic  potash 
it  forms  the  compound  CaHjClg.  These  operations  may  be  repeated 
until  C2CI4  is  formed,  which  body  will  also  combine  with  CL  to  form 
the  solid  "  per  substituted  "  paraffin,  CsClg. 

By  the  action  of  alcoholic  potash  on  a  monochlorinated  (or  mono- 
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bromiaated)  olefine,  a  hydrocarbon  of  the  acetylene  series  CnHgn-g  is 
formed.    Thus  : — 

C.H^Br      +    KHO  =    KBr     +    HgO    +  C^H^. 

Brometliylene    +    Potassic    =    Potassic    +    Water    +  Acetylene, 
hydrate  bromide 

With  strong  sulj^huric  acid,  certain  of  the  olefines  form  ethereal  salts, 
or,  as  they  are  called,  acid  ethers  of  sulphuric  acid  (as  C2H4  +  H2SO4 
=  C2H5.HSO4).  These,  when  heated  with  water,  are  decomposed 
into  sulphuric  acid  and  the  monohydric  alcohol  corresponding  to  the 
olefine  (thus,  C2H5.HS04+H20=H2S04+CoH5(OH)).  With  fuming 
sulphuric  acid  {i.e.,  an  acid  containing  SO3  in  solution),  such  olefines 
form  sulpho-acids  (and  not  acid  ethereal  salts),  which  sulpho-acids  are 
not  decomposed  by  water. 

A  parafiin  may  be  formed  directly  from  an  olefine  by  the  action  » 
of  nascent  hydrogen  ;  but  the  change  is  more  easily  effected  indi- 
rectly. Thus  by  heating  ethylene  iodide  (C2H4I2)  in  closed  tubes 
for  some  hours  with  water,  ethane  (C2H6)  is  formed.  This  conver- 
sion is  due  to  the  hydrogen,  set  free  by  the  decomposition  of  one 
portion  of  the  ethylene  iodide  (a),  acting  on  a  second  and  undecom- 
posed  portion  (/3).    Thus  : — 

(a.)      C2H4I2    +   4H2O  =       6H2       +     2CO2     -1-  I2. 

Ethylene    -f    Water    =    Hydrogen    +    Carbonic    +  Iodine, 
iodide  anhydride 

(/3.)        C2H4I2        +        Ho       =     C2H6    +  I2. 

Ethylene  iodide     +     Hydrogen     =     Ethane     +  Iodine. 

The  haloid  compounds  of  the  olefines,  when  treated  with  potassic 
acetate,  form  diatomic  acetic  ether  by  the  exchange  of  their  haloid 
element  for  the  acid  radical — 

C2H4Br2+2KC2H302  ==  2KBr  +  (C2H4)(C2H302)2. 
And  these  acetic  ethers,  when  distilled  with  caustic  potash,  yield 
diatomic  alcohols  {glycols^ — 

(C2H4)(C2H302)2+2KHO  =  2C2H30.K-|-(C2H4)(OH)2. 
The  olefines  form  monochlorinated  monohydric  alcohols  with  hypo- 
chlorous  acid  (a),  which,  by  the  action  of  nascent  hydrogen  may  be 
converted  into  the  corresponding  alcohols  (/3).    Thus — 

(a.)  C2H4  +  ClOH  =  C2H4C1(0H). 
(/3.)  C2H4C1(0H)  -1-  H2  =  C2H5(OH)  +  HCl. 
Lastly,  the  olefines  may  exist  either  as  saturated  hydrocarbons  or  as 
dyad  radicals,  the  difference  depending  on  the  linking  of  the  carbon 
particles.    Thus  we  may  represent  ethylene,  either  as 

H  H 

I  I 
or  — C  C— 

I  I 

H  H 

or  as  a  dyad  radical. 


H  H 

I  I 
C==C 

I  I 
H  H 

Saturated 


ACETYLENES. 
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Acetylene  Series. 

Series  III. — Formula  CJl^n-i- 

This  includes  the  following  bodies,  isomeric  modifications  of  most 
of  the  terms  of  which  are  known  : — 


NAME. 

Formulae. 

Boiling  point. 

F. 

C. 

64-4° 
113-0° 
136-4° 
302-0° 

18-0° 
45-0° 
58-0° 
150-0° 

Preparation  of  the  Acetylene  Series  {General). — 1,  From  the 

olefines. — By  acting  on  a  mono-haloid  derivative  of  an  olefine,  either 
with  alcoholic  potash,  or  with  sodic  ethylate,  at  a  temperature  of 
302°  F.  (150°  C). 

(a.)  CsHaBr  +  KHO  =  KBr  +  HgO  -f-  CoHg. 

(/3.)  CgHsBr  4-  CsHsNaO  =  NaBr  +  CsHsCOH)  +  CsHg. 

2.  From  the   acids   of  the  maleic  series   [CJ^Qn-zi'^^O^)^,  by 
electrolysis  : — 

C4H4O4    =     C2H2     +  2CO2  +  Hg. 

Fumaric  acid    =    Acetylene    +    Carbonic  anhydride    +  Hydrogen. 

Properties. — («.)  Physical.  Acetylene  and  allylene  are  gases.  The 
remaining  terms  of  the  series  are  liquids. 

(/3.)  Chemical.  The  acetylene  series  may  either  exist  in  a  free  state, 
or  act  as  divalent  or  quadrivalent  radicals ;  thus — 

H  H 

H-C^C-H;         C==C;        H-C  C-H 

II  II 
Saturated.  Divalent  radical.      Quadrivalent  radical. 

Thus  C2H5J  can  combine  with  the  haloids  to  form  CoHoBro  or 
C^H^Br,. 

When  acetylene  gas  is  passed  through  a  solution  of  cuprous  chlo- 
ride in  ammonia,  a  brown  precipitate  (a  compound  of  acetylene  with 
cuprous  oxide  (CaHg.CugO)  is  thrown  down.    When  this  precipitate  ■ 
18  treated  with  hydrochloric  acid,  acetylene  is  given  off  (page  275). 
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Turpene  Series. 

Series  IV. — Formula  C^^n-A- 
A  few  only  of  this  series  have  been  prepared  synthetically. 


Quintone  (valylene) . 
Polyterpenes    . . 


Sesquiterpenes  . , 


Formulse. 


^15^24 


Boiling  point. 


140° 


C. 


60° 


Prepared  by  the  action  of 
potassic  hydrate  on 
valerylene  dibromide 
(CjHgBrj)  and  rutylene 
dibromide  (CjoHjgBr)  re- 
spectively. 


{See  Supplementary  Chapter.) 

The  Aromatic  Series. — The  Benzenes. 

Series  Y.— Formula  C^^^. 


This  includes  : — 


C,„H, 


Name. 


Benzene 


Toluene  (methylbenzene) 


Xylene  (ethylbenzene)  . . 

Paraxylene  \  Di^ethyl- 
Metaxylene  ^^^^^^^^ 
Ortnoxylene  ) 


Propylbenzene  

Isopropylbenzene    . . 
Ethylmethyl  benzene 
Mesitylene      |  Trimethyl- 
Pseudocumene )  benzenes 


Isobutylbenzene 
Propylmetbylbenzene    . , 
Isopropylmethylbenzene. 
Diethylbenzene 
Ethyldimethylbenzene  . , 
Tetramethylbenzene 


Isoamylbenzene 
Isopropyldimethylbenzene 
Diethylmethylbenzene  . . 


Isoamylmethylbenzene  . . 


Isoamyldimethylbenzene 


Formulae. 


CeH,.CH3 


C6H4(CH3)j 


CgH3(C3H,)  (a.) 

CgH,(CH3)(C,H3) 
^623(^^3)3 

CgH3(CH3)3 


CgH,(C,H,)  (i8.) 
CgH,(CH3)(C3H,)  (a.) 
CgH,(CH3)(C3H,)  (^.) 

CgH3(C,H,)(CH3), 
CgH,(CH3), 


C6H,(C,H„)  (/3.) 
CgH,(Ca3),(C3H,)  (,3.) 
CeH3(CH3)(C,K), 


CgH,(CH3)(C,H„)(/3.) 


CgH3(CH3),(C,H„)  (/3.) 


Boiling  point. 


°  F. 


176-9 


230-0 


275-  0 

276-  8 
280-4 
285-8 


314-6 
303-8 
320-0 
325-4 
330-8 


320-0 
354-2 
348-8 
354-2 
363-2 
374-0 


379-4 
370-4 
352-4 


415-4 


451-4 


°  C. 


80-5 


110 


135 
136 
138 
141 


157 
151 
160 
163 
166 


160 
179 
176 
179 
184 
190 


193 
188 
178 


213 


233 


An  isomer  is  known  ca] 
Dipropargyl. 


Xylene  of  coal  tar  oil 
principally  metaxyk 
By  oxidation  it  fit 
metatoluic  mid. 


Cunieue  (mesitylene  of  _c 
tar  oil)  may  be  obtaii 
by  heating  acetone  w 
sulphuric  acid : — 
3C3H60  =  C9H„+3H, 


Cymene  has  been  obtou  | 
synthetically  in  ^ 
forms  except  moditq 
tion  (o). 
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General  Preparation  of  the  Benzenes. — (l-)  Tlie  benzenes  may 

be  obtained  from  coal  tar. 

(2.)  By  the  action  of  sodium  on  a  mixture  of  a  moniodated  paraffin 
with  a  brominated  derivative  either. of  benzene,  or  of  an  homologous 
hydrocarbon  : — 

CnHsta+iI+ C^Ho^_7Br  +  ]Sra2=CaH2„_7  .C^Ho^+i  +  Nal  +  NaBr. 

Properties  {General). — This  group,  most  of  the  members  of  which 
may  be  obtained  from  coal  tar  naphtha,  and  be  prepared  synthetically, 
is  called  the  aromatic  group,  on  account  of  the  fragrant  odor  of  many 
of  the  series.  As  a  class,  the  benzenes  are  very  stable  bodies,  and 
remarkable  for  the  numerous  isomers  the  various  terms  afiEord,  toluene 
standing  almost  alone  in  the  series  in  possessing  no  isomeric  modifi- 
cations. 

The  aromatic  series  act  as  saturated  molecules,  forming  substitution 
rather  than  additive  compounds.  In  this  respect  they  differ  from  the 
former  groups,  excepting  the  paraffins,  that  we  have  considered,  the 
tendency  of  which  were  rather  to  form  additive  than  substitution 
compounds. 

By  the  action  of  sulphuric  acid  the  benzenes  form  sulphonic  acids  : — 
C6H6  +  H2S04=C6H5.HS03  +  H20. 

The  constitution  of  these  hydrocarbons  is  important.  They  all 
contam  a  group  of  6  carbon  atoms  ;  24  (6  x  4),  therefore,  is  the  total 
combining  or  atom-fixing  power  of  the  6  atoms.  But  18  of  this  24 
power  is  occupied  by  the  combination  of  the  carbon  atoms  with  each 
other,  leaving  only  a  power  of  6  to  be  filled  up  to  form  a  fully  saturated 
molecule.  Thus  CgHg  may  be  regarded  as  a  fully  saturated  hydro- 
carbon.   This  is  shown  in  Fig.  1 : — 

H   H  H  H  CH3CH, 

II  II  11 

C-H      H-C        \-CH,      H-C^  \;-CH3 

V~r  ^—^  c— c 

H  H  II  II 

^   H  H   H  H  H 

^-  Fig.  2.  Fig.  3. 

It  will  be  seen  how  other  bodies  may  be  derived  from  this  com- 
pound by  the  substitution  of  more  or  less  complicated  molecules  in  the 
place  of  the  hydrogen,  as  in  Fig.  2,  which  represents  toluene,  or,  in 
rig.  3,  which  represents  mesitylene  (cumene). 

The  benzene  molecule  consists  of  six  carbon  and  six  hydrogen 
atoms.  It  is  usual  to  represent  the  structure  of  benzene  as  what  is 
called  the  closed  ring  in  which  each  carbon  atom  is  directly  combined 
with  two  carbon  atoms  and  one  hydrogen  atom,  thus  :— 
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C 

•/  \ 
(6)HC  CH,2) 

1  I 
(5,HC  CH,3) 


\  / 
C 


H,4, 


This  arrangement  of  the  atoms  in  the  benzene  molecule  shows  : — 

(1.)  The  possible  formation  of  additive  compounds,  i.e.,  CgHgBrg. 

(2.)  That  as  all  the  hydrogens  are  similarly  placed  there  can  be  no 
isomers  of  the  mono-derivatives — only  one  monobromo  or 
mononitro  benzene. 

(3.)  That  there  are  three  and  only  three  isomeric  di-substitution  pro- 
ducts, i.  e.,  in  which  the  radical  has  replaced  the  hydrogens 
marked 

(a.)  1  and  2, 
(/3.)  1  and  3,  . 
(y.)  1  and  4, 

because  the  hydrogens  1  and  2,  2  and  3,  3  and  4,  4  and  5, 
5  and  6,  and  6  and  1  all  bear  the  same  relative  positions  ;  so 
do  1  and  3,  2  and  4,  3  and  5,  4  and  6,  5  and  1,  and  6  and  2, 
and  also  1  and  4,  2  and  5,  and  3  and  6  ;  thus  there  are  only 
three  possible  positions  in  which  the  two  hydrogens  can  be 
replaced. 

The  di-substitution  product,  where  the  radical  replaces  the  hydro- 
gen atoms  1  and  2  (or  1  and  6),  is  called  ortho ;  where  1  and  3 
(or  1  and  5)  are  replaced,  it  is  called  meta,  and  where  1  and  4  are 
replaced,  it  is  called  para. 

The  table  on  page  634  exhibits  some  of  the  numerous  isomers  of 
this  series.  We  shall  note  isomeric  compounds  made  up  of  the  same 
groups,  as  e.g.,  3  dimethyl  benzenes,  05114(0113)2,  as  well  as  isomeric 
compounds  made  up  of  (liferent  groups,  such  as  ethylbenzene 
(C6H5)(C2H5)  and  dimethylbenzene  (C6H4)(CH3)2.  The  nature  of  these 
hydrocarbons  is  to  be  specially  inferred  by  their  behaviour  on  oxida- 
tion, as  when  treated  with  dilute  nitric  or  chromic  acids.  The  following 
facts  on  this  point  must  be  noted  : — 

(1.)  Benzene  forms  no  oxidation  products  that  contain  6  carbon 
atoms.  It  may  be  burnt  and  form  H2O  and  COg.  It  may  also  be 
made  to  form  benzoic  acid  (C7H6O2)  or  phthalic  acid  (C8H6O4). 

(2.)  All  the  derivatives  of  benzene  formed  by  the  replacement  of 
one  atom  of  hydrogen  by  the  group  CnHjn+i,  such  as  methylbenzene, 
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C6H5(CH3),  propylbenzene,  CeH5(C3H7),  butylbenzene,  C6H5(C4Hg),  amyl- 
benzene,  C6H5(C5Hii),  etc.,  yield,  by  oxidation,  one  and  the  same  acid, 
viz.,  benzoic  acid,  C6H5(COOH). 

(3.)  The  derivatives  formed  by  the  replacement  of  by  two  groups 
of  the  formula  CqHj^+i,  such  as  dimethylbenzene,  C6H4( 6113)2,  or  diethyl- 
benzene,  C6Hj.(CoH5)2,  produce  by  oxidation,  in  the  first  instance,  an 
acid  of  the  benzoic  acid  series,  whilst  they  all  finally  yield  the  same 
acid,  viz.,  tei-ephthalic  acid,  C6H4(COOH)2. 

(4.)  The  derivatives  formed  by  the  replacement  of  H3  by  three  groups 
of  the  formula  Cnlln+i,  such  as  trimethylbenzene,  C6H3(CH3)3,  etc., 
yield  on  oxidation  as  their  final  product  mesitic  acid,  C6H3(COOH)3. 

The  molecular  constitution  of  these  bodies  may  be  further  in- 
ferred by  their  synthetical  formation.  Thus  methylbenzene  or  toluene 
C6H5(CH3)  =  (CyHg)  is  obtained  by  the  action  of  sodium  on  a  mixture 
of  methylic  iodidaand  bromobenzene  ;  ethylbenzene  or  xylene,  C6H5(C2H5) 
=  (CsHio)  is  obtained  by  the  action  of  sodium  on  a  mixture  of  ethylic 
iodide  and  bromobenzene ;  whilst  dimethylbenzene,  C6H4(CH3)2  = 
(CgHio),  an  isomer  of  xylene,  is  formed  by  the  action  of  sodium  on 
iodomethane  and  dibromobenzend. 

Chlorine  and  bromine  form  substitution  and  additive  compounds 
with  benzene  in  the  presence  of  iodine.  The  iodine  acts  in  such  cases 
as  the  carrier  of  chlorine,  that  is,  the  chloride  of  iodine  forms  moniodo- 
benzene  with  the  benzene,  which,  by  the  action  of  a  further  portion 
of  iodine  chloride,  is  converted  into  chlorobenzene.    Thus — 

(a.)    CgHg     +         ClI  =     CfiHsI       +  HCl. 

Benzene    +    Iodine  chloride    =    lodobenzene    +    Hydrochloric  acid. 

(/3.)       CfiHsI     +        ClI         =     CfiHsCl      +  L. 

lodobenzene    +    Iodine  chloride    =    Chlorobenzene    +  Iodine. 

lodobenzenes  may  be  formed  by  the  action  of  iodine  on  benzene  in 
the  presence  of  iodic  acid.  The  iodic  acid  decomposes  the  hydriodic  acid 
as  soon  as  formed  (2).  If  iodic  acid  was  not  added,  the  hydriodic  acid 
would  decompose  the  iodo  derivative,  by  withdrawing  iodine  from  it 
and  replacing  it  by  hydrogen  (1).  The  following  equations  will  explain 
this  : — 

(1.)  Without  iodic  acid;  CeHjI  +  HI  =  CgHg  +  Io. 

(2.)  With  iodic  acid ;  CfiHgl  +  oHI  +  HIO3  =  CgHsI  +  SHgO  +  3Io. 

On  toluene  in  the  cold,  chlorine  forms  the  stable  compound  chloro- 
toluene  (C7H7CI),  which  is  unaffected,  either  by  nascent  hydrogen 
or  by  fusion  with  alkalies.  On  boiling  toluene,  chlorine  forms  benzylic 
chloride  (C7H7CI),  a  body  having  the  same  composition  as  chloro- 
toluene,  but  differing  from  it,  in  that  nascent  hydrogen  changes  it  to 
toluene,  and  alkalies  readily  decompose  it.  On  boiling  toluene,  however, 
in  thei^esence  of  iodine,  the  stable  body  chlorotoluene  is  formed,  which, 
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as  we  have  said,  is  singularly  unamenable  to  the  action  of  ordinary- 
reagents. 

With  strong  nitric  acid  the  benzenes  form  nitro  derivatives  [CsHg 
+  HNO3  =  H20  +  C6H5(N02)].    With  sulphuric  acid  they  :^orm  sul- 
phonic  acids  [C6H6-+-H„S04=H20  +  C6H5(HS03)].    With  hydriodic 
acid,  aided  by  a  continuous  heat  of  536°  F.  (280°  C.)  they  are  converted 
into  the  corresponding  paraffins. 

Benzene. — Benzol;  bUarhuret  of  hydrogen;  phenylic  hydride  (CgHe). 
\_Molecular  weight,  IS.  Molecular  volume,  j  j  |.  £oils  at  176'9°F. 
(80-5°  C.).] 

Preparation. — (1.)  By  the  action  of  heat  on  acetylene  (SCoHo  = 

CqH.q). 

(2.)  By  (a)  the  distillation  of  benzoic  acid  with  lime,  or  (/3)  by  the 
action  of  heat  only  on  benzoic  acid  : — 

(a.)  CeH^CCO.OH)  +  CaHgOg  =      CaCOg      +    H„0   +  CgHg. 
Benzoic  acid       +     Lime     =  Calcic  carbonate  +   "Water    +  Benzene. 

(/3.)      C6H5(COOH)  =  CO2  +  CfiHg. 

Benzoic  acid       =       Carbonic  anhydride      +  Benzene. 

Its  preparation  from  that  portion  of  the  coal  tar  boiling  below 
180°  F.  (82-2°  C.)  has  been  already  referred  to. 

Fi'operties. — (a.)  Physical.  A  colorless,  inflammable  liquid  of  high 
refracting  power,  having  an  ethereal  odor  and  a  burning  taste.  Its 
Sp.  gr.  at  0°  C.  is  0-889.  It  boils  at  176-9°  F.  (80*5°  C),  and  solidifies 
at  41*9°  F.  (5-5°  C.)  to  a  white  crystalline  solid.  It  is  insoluble  in 
water,  but  is  soluble  in  alcohol  and  in  ether,  and  is  a  solvent  for 
iodine,  sulphur,  phosphorus,  fats,  resins,  etc.  When  its  vapor  is  passed 
through  a  porcelain  tube  heated  to  bright  redness,  it  is  decomposed 
into  the  gases  hydrogen  and  acetylene  (C2H2),  into  the  liquids  diphenyl 
(CjoHio)  and  chrysene  (CigHig),  and  into  an  orange-colored  solid  called 
benzerythrene.  A  black  liquid,  which  solidifies  on  cooling,  remains  in 
the  retort,  and  is  called  bitumene. 

(/3.)  Chemical.  With  the  haloids,  benzene  forms  both  additive  and 
substitution  compounds,  but  the  additive  compounds  are  very  unstable, 
breaking  up  into  the  substitution  products.  As  illustrations  of  the 
additive  compounds  that  benzene  forms,  we  have  benzene  hexachloride 
(CgHsClg)  and  benzene  hexabromide  (CgHsBrg),  both  of  which  are  solid 
bodies,  formed  by  the  action  of  sunlight  on  a  mixture  of  chlorine  and 
benzene.  As  illustrations  of  substitution  compounds,  we  have  mono- 
chlorobenzene,  CqR^CI,  the  compounds  C6H4CI2,  CgHjCla,  etc. 

Some  of  the  benzene  derivatives  are  stated  in  the  following 
table  : — 
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Boiling  point. 


Melting  point. 


Formulae. 


"  C. 


°  c. 


MonocHorobenzene  

Dichlorobenzene   

Trichlorobenzene   

Tetrachlorobenzene  

Pentacblorobenrene  

Hexachlorobenzene  

Monobromobenzene  

Dibromobenzene   

Tribromobenzene   

Tetrabromobenzene  

[Tbeiodobenzenes  are  similar  to 


276-8 
339-8 
402-8 
464-0 
521-6 
618-8 


527-0 


275 


136 
171 
206 
240 
272 
326 


-40 
+  127-4 
62-6 
282-2 
185-0 
438-8 
302-0 
417-2 
111-2 


-40 
+53 
17 
139 
85 
226 
150 
214 
44 


tbe  above.] 
Xitrobenzene 


(Artificial  oil  of  almonds.) 
Dinitrobenzene  


The  chlor-benzenes  are  formed  by  passing  chlorine  into  solution 
of  iodine  in  benzene,  the  iodine  acting  as  a  carrier  of  tbe  chlorine  to 
the  benzene. 

The  haloid  substitution  derivatives  of  benzene  are  stable  bodies. 
Unlike  the  paraffin  derivatives,  they  are  unaffected  by  nascent 
hydrogen,  or  even  by  fusion  Tvith  potassic  hydrate.  With  hypo- 
chlorous  acid,  benzene  forms  the  additive  compound  C6H5(C10H)3, 
which,  by  the  action  of  water,  forms  a  non-fermentable  body  called 
•'phenose'^  (CgHigOe),  isomeric  vs^ith  grape-sugar.  When  this  body  is 
'lissolved  in  fuming  nitric  acid,  and  water  added  to  the  solution,  nttro- 
henzene  (CgHgNOo),  or  artificial  essence  of  bitter  almonds,  separates, 
which,  by  the  action  of  reducing  agents,  yields  aniline. 

Toluene— Methyl-benzene  (C7H8=C6Hg.CH3).  [Molecular  weight,  92. 
Boils  at  230°  F.  (110°  C).  JSTot  solid  at  — 4°F.  (— 20°C.).  Specijic 
iravity,  0-881  at  41°  F.  (5°  C.).] 

Preparation.— (I.)  From  coal  tar  oil.  It  is  contained  in  that  portion 
which  distils  over  between  212°  and  248°  F.  (100°  and  120°  C). 

(2.)  By  the  action  of  sodium  on  a  mixture  of  bromobenzene  and 
nethyl  iodide  : — 

CgHsBr      +    CH3I  +     Nag     =  NaBr  +  Nal    +  CgHs.CHj 
iromobenzene    +    Metbyl    +    Sodium    =    Sodic    +    Sodic    +  Toluene, 
iodide  bromide  iodide 

(3.)  By  the  action  of  methane  in  a  nascent  state  on  benzene. 

Properties. — limpid  liquid.  Chemically,  behaves  very  like  ben- 
-ene,  yielding  benzoic  acid  when  treated  with  oxidizing  agents. 
Toluene  being  a  mono-derivative  of  benzene,  has  no  isomer. 

Two  isomeric  derivatives  are  formed  in  almost  every  case  by  the 
iction  of  reagents  on  toluene. 
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Series  VI. — Formula  CnHgn-s 


This  includes : — 


Cinnamene  . . 
(Styrolene  or 
Phenylethylene) 


Allylbenzene 
Phenylbutylene . . 


Boiling  point. 


°  F.     °  C 


293 


338 


145 


170 


Freparation. — (I.)  By  passing  the  vapors 
of  benzene  and  acetylene,  or  (2.)  of 
benzene  and  ethylene,  through  a  red- 
hot  tube.  (3.)  By  heating  acetylene 
{'^C^^=G^^^).  (4.)  Present  in,  and 
may  be  obtained  from,  liquid  storax 
{Liquid  anibar  orientale.) 

Properties. — A  colorless  liquid.  Does  not 
solidify  at  —4°  F.  (—20°  C).  Heated 
in  closed  tubes  to  392°  F.  (200°  C.)  is 
converted  into  a  white  solid  meiaciti' 
namene,  which  yields,  on  distillation, 
liquid  cinnamene.  Sp.  gr.  0*924. 

Preparation. — By  the  action  of  nascent 
hydrogen  on  cinnamic  alcohol. 

Preparation. — By  the  action  of  sodium 
on  a  mixture  of  benzylic  chloride  and 
allylic  iodide. 


Series  VII. — Formula  CJI^^^iq. 

This  includes, 

Acetenylbenzene  (CaHg)  a  colorless  liquid  boiling  at  282-2°  F* 
(139°  C).  It  is  prepared  by  the  action  of  an  alcoholic  solution  of 
potassic  hydrate  on  cinnamene  dibromide  (CaHaBra  +  2KH0  =  CgHg 
+  2KBr  +  2H2O).  Like  acetylene,  it  precipitates  many  metallic 
solutions  (page  275),  forming  such  compounds  as  (C8Hg)2Cu2,  etc. 


The  Naphthalene  Series. 
Series  VIII. — Formula  C^^a-iz- 


This  includes, 


Boiling  point. 

0  Y, 

°C. 

413-6 

212 

^11^10  = 

C,„H,(CH3) 

447-8 

231 

C.oH,(C,H,) 

483-8 

251 
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Naphthalene  (CioHg). 
Occurrence  and  Preparation. — (i-)  Naphthalene  is  a  bye-product 

occurring  in  the  preparation  of  coal  gas.  The  latter  portion  of  the 
distillate  from  coal  tar  yields  a  large  quantity.  It  is  produced  when- 
ever organic  matters  are  distilled  at  a  high  temperature  out  of  contact 
with  air,  or  by  the  passage  of  the  vapors  of  benzene,  cinnamene, 
chrysene,  anthracene,  etc.,  through  a  red-hot  tube. 

(2.)  By  passing  the  vapor  of  dibromopheuylbutylene  over  red-hot 
lime  (CioHijBrg  =  CioH8-FH2  +  2HBr). 

Constitution. — From  the  formation  and  reactions  of  its  substitu- 
tion derivatives,  the  naphthalene  molecule  is  assumed  to  consist  of  two 
benzene  residues  having  two  carbon  atoms  in  common.    Thus — 

H  H 
C  C 


HC      C  CH 

III 
HC    , C  CH 

\/  \/ 

c  c 

H  H 

Properties. — («•)  Physical.  A  white  solid  body,  crystallizing  in 
brilliant  scales.  Has  a  faint  narcissus-like  odor.  Melts  at  176°  F. 
(80°  C.)  and  boils  at  413-6°  F.  (212°  C).  Its  vapor  density  is  4-528. 
It  is  insoluble  in  cold  water,  slightly  soluble  in  boiling  water, 
very  soluble  in  alcohol,  in  ether,  in  acetic  acid,  and  in  the  volatile 
oils. 

(/3.)  Chemical.  It  burns  in  air  with  a  red  smoky  flame.  It  forms 
with  chlorine  and  with  bromine  both  additive  and  substitution  com- 
pounds, such  as  CioHgCli  and  CiqH^CI,  etc.  By  oxidation  it  yields 
dinaphthyl,  CgoHj^,  and  jihthalic  acid,  C8H6O4.  It  is  soluble  in  strong 
sulphuric  acid,  forming  two  isomeric  naphthalene-sulphonic  acids 
CioH7(HS03),  both  of  which  form  soluble  baric  salts.  Nitric  acid 
converts  it,  first,  into  a  crystalline  solid  nitTonaphthalene  CioH^NOg, 
and  finally  into  tetranitronaphthalene  CioH4(N02)4.  With  a  solution 
of  chromic  anhydride  in  acetic  acid,  it  forms  naphtho  -  quinone 
CioHgOa- 
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Series  IX. — Formula  0^11, 

This  includes  : — 


Melting  point. 

BoUing  point. 

0  p_ 

°C. 

°  C. 

Diphenyl  

(CgHsjCgHs) 

Acenaphthene . . 

140-0 
203-0 

60-0 
95-0 

464-0 
514-4 

240-0 
268-0 

Freparation. — By  passing 
benzene  through  a  red-hot 
tube  (2C6Hs=C,,Hio+HJ. 
By  oxidation,  forms  benzoic 
acid.  It  sublimes  at  140°  P. 
(60°  C).    It  is  contained  in 

/  coal-tar,  and  distils  over  in 
that  portion  that  boils  be- 
tween 518°  and  572°  F.  (270° 
and  300°  C).     By  oxida- 
tion,  forms  naphthalic  acid, 
which,  when  distiUed  with 

I  lime,  yields  naphthalene. 

C,3H,j 

Diphenyl  methane . . 
(Benzyl  benzene) 

79-7 

26-5 

501-8 

261-0 

,    Preparation.  —  By  the 
action  of  heat  on  a  mixture 
of   benzylic  chloride  and 
benzene   (CgH6+C7H7Cl  = 
/  HCl+CisH,,).    [The  pre- 
1  sence  of  a  little  zinc  and 
copper  facilitate  the  action.] 
By  oxidation  it  yields  berno- 
pnenone  [Kj^ti^.Kjyj.yjgH^). 

Ditolyl  (a)     . .    . . 

(|8)     ..  .. 
(CH3.CeH,C«H,.CH3) 

Dibenzyl  

(CsH5.CH,.CH,.C6H,) 
Benzyltoluene  . . 

249-8 
liq 

125-6 

liq 

121-0 
uid 

52-0 

uid 

543-2 
534-2 

284-0 
277-0 

Preparation.  —  By  the 
action  of  sodium  on  benzylic 
chloride.    It  is  insoluble  in 
water,   but  is   soluble  in 
alcohol  and  ether. 

Benzyl  etbylbenzene 
Benzyl  metaxylene.. 
Benzyl  paraxylene . . 

Uq 
liq 
Uq 

uid 

uid 
uid 

561-2 
563-0 
561-2 

294-  0 

295-  0 
294-0 

Excepting  acenaphthene,  all  these  bodies  act  as  saturated  mole' 
cules,  and  form  substitution  but  not  additive  compounds. 


The  Anthracene  Series. 

Series  X. — Formula  C^Jloa-is- 


This  includes  : — 


Melting  point. 

Boiling  point. 

0  -p 

°  C. 

0  -p 

°C. 

Ametbylantbracene 

415-4 

213 

680 

360 
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Anthracene  (Paranaphthalene).  (Ci4H,n.)  Molecidar  weight,  178. 
Specific  gravity,  1-147.  Melts  at  415-4°  F.  (213°  C.)  ;  boils  at  680°  F. 
(360°  C). 

Preparation. — (1.)  Obtained  commercially  from  the  semi-solid  por- 
tion of  the  coal-tar  distillate,  which  comes  over  at  from  644°  to  752°  F. 
(340°  to  400°  C).  It  is  important  to  note  that  when  distilled  at  the 
lower  temperature,  the  anthracene  is  more  or  less  mixed  with  naphtha- 
lene, and  that  when  distilled  at  the  higher  temperature  it  is  mixed  with 
chrysene  and  pyrene,  these  being  the  final  products  of  the  distillation  of 
coal  tar.  Inasmuch,  however,  as  anthracene  is  a  valuable  commercial 
product  used  in  the  preparation  of  artificial  alizarine,  and  that  alizarine 
cannot  be  produced  either  from  naphthalene  or  from  chrysene,  the  exact 
relation  of  anthracene  to  these  bodies  becomes  important. 

(2.)  By  passing  benzene,  mixed  either  with  (a)  ethylene,  (/3) 
with  cinnamene,  or  (y)  with  naphthalene  vapor,  through  a  red-hot 
tube : — 


(a.)  2C6H6 

+ 

C2H4, 

3H2 

+ 

C14H10. 

Benzene 

+ 

Ethylene 

Hydrogen 

+ 

Anthracene. 

+ 

2H2 

+ 

C14H10. 

Benzene 

+ 

Cinnamene 

Hydrogen 

+ 

Anthracene. 

(y.)  3C6H6 

+ 

3H2 

+ 

2C14H10. 

Benzene 

+ 

Naphthalene 

Hydrogen 

+ 

Anthracene. 

(3.)  By  the  action  of  heat  on  a  mixture  of  (a)  ethelyne 

and  diphen 

(/3)  of  ethylene 

and  chrysene  : — 

(a.)  CeH, 

+ 

2H2 

+ 

C14H10. 

Ethylene 

+ 

Diphenyl 

Hydrogen 

+ 

Anthracene. 

+ 

+ 

C14H1Q. 

Ethylene 

-1- 

Chrysene 

Benzene 

+ 

Anthracene. 

(4.)  By  the  action  of  heat  on  toluene,  xylene,  or  cumene. 
(0.)  By  the  action  of  heat  on  benzylic  chloride  : — 

4C7H7CI     =      C14H10     -f      C14H14       +  4HC1. 

Benzylic  chloride  =     Anthracene    -|-    Benzyltoluene    +    Hydrochloric  acid. 

(6.)  By  the  action  of  heat  on  a  mixture  of  alizarine  and  zinc  dust. 
Probably  some  of  the  alizarine  is  decomposed  and  hydrogen  set  free. 
The  action  may  be  formulated  thus  : — 

ChHbO*    +        H2        -h      4Zn    =     Ci4Hio      +  4ZnO. 
Alizarine     -j-    Hydrogen     -f-       Zinc      =  Anthracene     +     Zinc  oxide. 

Properties. — (a.)  Physical.  A  colorless  solid,  crystallizing  in  four 
or  six-sided  plates.  Specific  gravity,  M47.  It  sublimes  at  212° F. 
(100° C);  melts  at  415-4°F.  (213°  C),  and  boils  at  680°  F.  (360°  C). 
[Naphthalene  melts  at  176°  F.  (80°  C),  and  boils  at  413-6°  F. 
(212°  C.).]  Anthracene  is  insoluble  in  water,  almost  insoluble  in  cold 
alcohol  (in  which  naphthalene  is  soluble),  somewhat  soluble  in  carbon 
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diaulphide  and  in  boiling  alcohol  ;  soluble  in  ether,  in  benzene,  and  in  the 
volatile  oils  (such  as  turpentine).  Sunlight  in  time  effects  its  physical 
transformation  into  par  anthracene,  a  body  that  melts  at  471*2°  F. 
(244°  C).  Paranthracene  maybe  reconverted  by  fusion  into  common 
anthracene. 

The  molecule  of  anthracene  is  generally  represented  as  consisting  of 
two  benzene  residues  united  by  the  unsaturated  hydrocarbon  group 
viz.,  C5H4.C2H2.C5II4. 

(/3.)  Chemical. — With  nascent  hydrogen,  anthracene  forms  a  dihy- 
dride,  Ci4Hio,H2.  With  the  haloids  it  forms  both  substitution  and 
additive  products. 

Its  reaction  with  oxidizing  bodies  is  of  great  importance,  inasmuch 
as  by  this  means  artificial  alizarine,  a  product  of  great  commercial 
vahie,  identical  with  the  red  coloring  matter  of  madder,  is  prepared. 
The  equations  representing  the  reactions  that  occur  in  its  preparation 
may  be  thus  stated  : — 

(1.)  (a.)  Heated  with  nitric  acid,  or  with  potassic  bichromate  and 
sulphuric  acid,  anthracene  forms  anthraquinone.    Thus  : — 

2Ci4H,o      +       3O2       =     2[Ci4H8(02)"]      +  2H2O. 
Anthracene      +       Oxygen       =       Anthra-quinone        +  "Water. 

[N.B.  In  anthraquinone  it  will  be  noted  that  (O2),  like  (Hgg)  in 
mercurous  compounds,  plays  the  part  of  a  dyad  radical. 

This  body  is  called  anthraquinone  because  it  bears  the  same  relation- 
ship to  anthracene  that  quinone  bears  to  benzene.    Thus  : — 

Cell,     -      Cel^Oo)";      C^^Hio     -  O^OoT-^ 
Btnzene     —  Quinone;        Anthracene    —        Anthraquinone.  J 

(/3.)  When  anthraquinone  is  heated  with  bromine  it  forms  dibrom- 

anthraquinone.    Thus  :  — 

C14H8O2      +      2Br„      =       C,4H6Br202      +  2HBr. 
Anthra-quinone    +     Bromine      =       Dibrom-anthra-      +  Hydrobromic 

quinone  acid. 

(7.)  When  dibrom-anthra-quinone  is  heated  to  350°  F.  (176-1°  C.) 
with  potassic  hydrate,  it  forms  the  potassic  derivative  of  dioxy-authra- 
quinone  (or  alizarin).    Thus  : — 
Ci4H6Bro02   +    4KH0   =    Ci4H602(KO)2   +   2KBr   +  2H2O. 
Dibrom-anthra-  -f    Potassic     =     Potassic  alizarate    +  Potassic    -\-  "Water, 
quinone  hydrate  bromide 

(g.)  When  an  acid  is  added  to  a  solution  of  the  fused  mass  con. 
taining  potassic  alizarate,  crude  aHzarin,  C14H8O4  or  Ci4Hg(OH)o(02)  » 
is  thrown  down  as  a  yellow  precipitate,  which  when  carefully  sub- 
limed produces  a  red  sublimate  of  pure  alizarin. 

Alizarin  may  also  be  prepared  as  follows  : — 

(2.)  (a.)  By  the  action  of  chlorine  on  anthracene,  when  dichlor- 
anthracene  is  formed.    Thus: — 

ChHio      +      2CI2     =       C„H8Cl2         +  2HC1. 
Anthracene     +     Chlorine     =    Dichlor-anthracene    +     Hydiochlonc  acid. 
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(/?.)  In  heating  dichlor-anthracene  with  sulphuric  acid,  it  forms 
dichlor-anthracene-disulphonic  acid  [Ci4H6Cl2(HS03)2].  Thus: — 

ChHsCIs  +  2H2SO4  =  ChH6C12(HSO,)2  +  2H2O. 
Dichlor-anthracene     +     Sulphuric  acid    =     Dichlor-anthracene      +  "Water. 

disulphonic  acid 

(y.)  By  the  action  on  this  product  of  oxidizing  agents,  or  by  heating 
it  with  strong  sulphuric  acid,  it  forms  anthraquinone-disulphonic  acid 
Ci4H60o(HS03)2.    Thus  :— 

Ci4H6Cl2(HS03)2     +      02     =    Ci^HgOoCH  803)2     +  ^2- 
Dichloranthracene  disul-    +    Oxygen    =        Anthra-quinone-        +  Chlorine, 
phonic  acid  disulphonic  acid 

(S.)  When  this  is  heated  with  potassic  hydrate  it  forms  potassic 
alizarate,  which  is  then  treated  with  an  acid  in  the  manner  already 
described. 

Ci4H602(HS03)2  +  6KH0  =  Ci4H602(KO)2  +  2K2SO3  +  m^O. 
Anthra-quinone-  +  Potassic  =  Potassic  alizarate  +  Potassic  +  Water, 
disulphonic  acid  hydrate  sulphite 

Alizarin  is  soluble  in  alkaline  solutions,  and  in  solutions  of  the 
alkaline  carbonates,  forming  deep  purple  liquids,  from  which  alizariu 
may  be  precipitated  by  an  acid. 

Coal  tar  oil  contains  several  isomers  of  anthracene.  For  example, 
phenanthrene,  a  solid,  melting  at  212°  F.  (100°  C),  and  boiling  at  644°  F. 
(340°  C.)  ;  tolane,  a  solid,  melting  at  140°  F.  (60°  C.)  ;  and  a  third 
■body  melting  at  476'6°  F.  (247°  C),  have  been  prepared. 

Note. — We  may  here  note,  that,  starting  from  benzene,  we  have  a 
complete  series  of  hydrocarbons,  where  the  successive  terms  difEer  by 
C4H2.    Thus :— 


Formulae. 

Fusing  point. 

Boiling  point. 

°  C. 

0  -p 

C. 

41-9 

5-5 

176-9 

80-6 

176-0 

80-0 

413-6 

212-0 

416-4 

213-0 

680-0 

360-0 

478-4 

248-0 

The  relationship  of  these  bodies  is  remarkable.  They  all  form 
QuiTiones  (that  is,  bodies  where  is  replaced  by  (Oo)")  directly  (in  all 
cases  except  that  of  benzene)  as  products  of  their  oxidation  (see  page 
624).  These  quinones  are  neutral  bodies,  and  furnish  hydro-quinones 
(the  dioxy-derivatives  of  the  several  hydrocarbons),  by  the  action  of 
nascent  hydrogen.    Thus  : — 

CfiHs      -      C6H4(02)"       -  C6H4(0H)2. 
Benzene       —  Quinone  —  Hydroqulnone. 
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Series  XI. — Formula  CnHjQ.ig. 

This  includes  only  stilbene  or  toluyene  (C14H12).  This  hydrocarbon 
is  a  crystalline  solid,  prepared  by  the  action  of  heat  on  dibenzyl 
(Ci4Hi4=Ci4Hi2  +  H2).  It  melts  at  212°  F.  (100°  C),  and  boils  at 
557*6°  F.  (292°  C).  It  forms  both  substitution  and  additive  products. 
Tolane  (C14H10)  is  formed  by  the  action  of  potassic  hydrate  on  the 
dibromide  Ci^HigBrg. 


Series  XII. — Formula  CqH, 

This  includes — 


Fusing  point. 

°  C. 

Diacetenylbenzene 

Pyrene 

CioH6(CjHJ 

287-6 

142-0 

Present  in  coal-tar  oil. 
(N.B. — These  bodies  contain  95  per 
cent,  of  carbon.) 

Diphenylbenzene 
C,H,(CeH,), 

401-0 

205-0 

Obtained,  with  other  products,  by 
passing  benzene  through  red-hot 
tubes.  It  yields  an  oxidation, 
first  phenylbenzoic  acid  CgH^CgH^ 
(COjH),  and  finally  terephthalic 
acid  C6H,(C03H)j. 

^19^16 

Triphenylbenzene 
CH(C,H,)3 

198-6 

92-5 

Preparation. — By  the  action  of  heat 
in  closed  tubes  on  a  mixture  of 
benzylene  chloride,  and  mercuric 
phenyl. 

Series  XIII. — Formula  CnH2n_24- 

Chrysene  (CisHis).  This,  the  only  known  member  of  the  series,  is 
found  together  with  pyrene  (CieHio)  as  the  final  product  of  the  dis- 
tillation of  coal  tar.  It  crystallizes  in  fine  yellow  scales,  which  melt 
at  from  473°  to  478-4°  F.  (245°  to  248°  C).  It  is  insoluble  in  alcohol, 
and  nearly  insoluble  in  ether,  but  is  soluble  in  boiling  turpentine,  from 
which  it  is  deposited  as  the  liquid  cools.  By  oxidation  it  forms 
chrysoquinone  (CmHioOg). 

Series  XV. — Formula  C^Hgn.aa. 

This  includes  tetraphenylethylene  (C2(C6H5)4=C26H2o),  a  crystalline 
body  which  melts  at  428°  F.  (220°  C),  and  is  prepared  by  the  action 
of  heat  on  a  mixture  of  finely  divided  silver  and^  benzophenonic  chlo- 
ride, this  latter  body  being  a  product  of  the  action  of  phosphorus  penta- 
chloride  on  diphenyl  ketone.    Thus  : — 

2[(C6H5)2CCl2]    +      2Ag2     =  C2(C6H5)4  +  4AgCl.  ^ 

Benzophenonic       +     Silver     =    Tetraphenylethylene   +    Argentic  chlonde. 
chloride 
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ADDENDUM  TO  THE  PARAFFINS. 

Petroleum— Paraffins. 

The  paraffins,  it  will  be  noted,  vary  greatly  in  their  physical  con- 
ditions. The  higher  terms  are  solid,  and  are  employed  in  the  manu- 
facture of  candles,  etc.  A  series  of  buttery  compounds,  used  for 
lubricating  purposes,  succeed.  Then  follow  compounds  which  are 
liquid,  and  are  used  for  burning  in  lamps  ;  and,  finally,  certain  liquids 
volatile  below  100°  F.  (37-8°  C.)  {petroleum  spirit),  that  are  used  as 
solvents  in  the  arts. 

In  American  petroleum  and  in  the  mineral  oils  of  a  like  nature  found 
in  or  near  the  coal  formation,  and  formed  by  the  gradual  decomposition 
of  vegetable  matter  beneath  the  earth's  surface,  we  have  an  admixture 
of  numerous  hydrocarbons  of  this  group  of  paraffins.  In  order  to 
prepare  the  oil  for  illuminating  purposes,  it  is  necessary  that  the 
hydrocarbons  volatile  at  a  temperature  above  100°  F.  (37'8°C.),  (that 
is,  all  the  hydrocarbons  containing  less  than  six  carbon  atoms),  should 
be  distilled  off,  otherwise  the  oil  might  be  dangerous.  This  distillate 
constitutes  what  is  called  "  Petroleum  spirit,"  and  is  used  as  a  solvent 
for  caoutchouc,  resinous  bodies,  etc.,  whilst  the  liquid  remaining  in  the 
retort  (called  petroleum  oil)  is  safe  for  burning  in  lamps. 

Paraffin  oil,  which  is  also  a  mixture  of  the  paraffin  hydrocarbons,  is 
obtained  by  the  destructive  distillation  of  such  bodies  as  boghead 
cannel,  peat,  etc.  The  most  volatile  portions  are  used  for  illuminating 
purposes,  the  least  volatile  (mixed  with  fatty  oils,  such  as  rape,  cotton, 
etc.)  being  employed  for  lubricating  machinery. 

Paraffin. 

If  petroleum  (Rangoon  tar  or  rock  oil),  or  paraffin  oil  be  subjected 
to  an  intense  cold,  the  separation  of  a  solid  body,  called  ^;a?-aj^?i,  takes 
place.  This  substance  exists  ready  formed  in  such  minerals  as  ozo- 
kerit,  mineral  wax,  etc.  It  is  a  compound  of  several  hydrocarbons 
of  the  CH4  group,  and  is  largely  used  for  candles,  etc.  The  following 
is  an  outline  of  its  preparation  ; — 
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The  crude  tar  resulting  from  the  destructive  distillation  of  boghead 
cannel,  etc.,  is  distilled.  The  distillate  is  first  shaken  up  with  a 
sodic  hydrate  solution  in  order  to  remove  all  acid  bodies.  It  is 
afterwards  treated  with  sulphuric  acid,  to  remove  all  basic  substances, 
such  as  naphthalene,  etc.  The  residue  of  these  operations,  after 
being  well  washed,  is  distilled,  and  the  solid  distillate  collected. 
And  liquid  oils  present  in  the  mass  are  now  extracted,  first  by  a 
centrifugal  apparatus,  then  by  pressure  in  the  cold,  and  finally  by 
pressure  at  or  about  105°  F.  (40-5°  C),  so  as  to  remove  all  hydro- 
carbons melting  below  this  temperature.  The  residue  is  again  treated 
with  sulphuric  acid,  whereby  all  hydrocarbons  other  than  parafl&ns 
are  charred.  The  paraffin  collects  on  the  surface  of  the  acid,  and 
may  be  removed.  After  washing,  it  is  melted  in  oils  of  low  boiling- 
point,  the  solution  decolorised  by  filtration  through  animal  charcoal,  and 
finally  the  volatile  oils  removed  by  distillation  from  the  pure  paraffin. 

Properties. — (a.)  Physical.  A  white  waxy  solid,  without  taste  or 
smell.  Its  fusing-point  varies,  according  to  its  source,  from  104°  F. 
(40°  C.)  to  140°F.  (60°  C),  the  latter  being  the  temperature  at  which 
the  paraffin  obtained  from  ozokerit  melts.  It  boils  at  about  698°  F. 
(370°  C).  A  continuous  heat  under  pressure  converts  it  into  liquid 
hydrocarbons  (Thorpe  and  Young).  It  is  insoluble  in  water,  slightly 
soluble  in  alcohol,  very  soluble  in  ether,  in  bisulphide  of  carbon,  and 
in  the  fixed  and  volatile  oils. 

(/3.)  Chemical. — Paraffin  is  remarkable,  as  its  preparation  given  above 
would  indicate,  for  its  resistance  to  most  chemical  reagents  (parum 
affinis).  When,  however,  it  is  heated  continuously  for  several  days 
with  sulphuric  acid  and  potassic  dichromate,  cerotic  acid  is  formed 
(C27H54O0),  and  when  similarly  treated  with  nitric  acid,  a  mixture 
results  of  solid  and  liquid  fatty  acids.  When  melted  paraffin  is  acted  oh 
with  chlorine,  it  is  gradually  attacked,  hydrochloric  acid  being  evolved. 

ADDENDUM  TO  THE  "  TURPENES." 

Oil  of  Turpentine  and  its  Allies. — The  Turpenes. 

The  name  turpentine  is  given  to  an  oleo-resinous  juice  exuding  from 
certain  varieties  of  pines.  Common  English  turpentine  is  obtained  from 
the  Scotch  fir,  the  Pinus  Australis  and  Pinus  Toeda  ;  Venice  turpentine 
from  the  larch  ;  French  turpentine  from  the  Pinus  maritima,  etc. 

"  Turpentine  "  is  a  solution  of  rosin  in  spirits  of  turpentine.  When 
distilled,  the  residue  in  the  retort,  amounting  to  from  75  to  90  per 
cent.,  constitutes  rosin,  and  the  distillate,  varying  in  quantity  from  10 
to  25  per  cent.,  constitutes  turps,  or  spirits  of  turpentine.  In  the  case 
of  the  Boston  turpentine,  the  distillate  constitutes  "  camphine." 

Properties  of  spirits  of  tuipentine. — (a.)  Physical.  A  colorless,  mobile, 
peculiar  smelling  liquid.    Sp.  gr.  0-864.    It  boils  at  320°  F.  (160°  C). 
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It  is  not  very  soluble  in  water,  but  is  very  soluble  in  alcohol,  carbonic 
disulpliide,  and  in  ether,  and  is  itself  a  solvent  for  iodine,  sulphur, 
phosphorus,  resinous  and  fatty  matters,  caoutchouc,  etc.  It  is  a 
powerful  refractor  of  light. 

((3.)  Chemical.  When  French  spirits  of  turpentine  is  neutralised  with 
an  alkaline  carbonate  and  distilled,  it  yields  "  terebenthene  "  (CjoHig), 
a  liquid  boiling  at  321-8°  F.  (161°  C),  and  having  a  sp.  gr.  of  0-864. 
It  turns  the  plane  of  polarisation  to  the  left.  English  spirits  of  turpen- 
tine similarly  treated,  yields  "  austraterebenthene,"  a  liquid  having  a 
sunilar  gravity  and  boiling-point  to  terebenthene,  but  turning  the  plane 
of  polarisation  to  the  right. 

(1.)  Both  bodies  (i.e.,  terebenthene  or  austraterebenthene)  when  heated 
to  482°  F.  (250°  C.)  form  two  levo-rotatory  oils,  which  may  be  separated 
by  distillation  ;  viz.,  atistrapijrolene,  boiling  at  352-4°  F.  (178°  C),  and 
metaterebenthene  (CoqR^z),  boiling  at  680°  F.  (360°  C). 

(2.)  By  the  action  of  air,  turpentine  becomes  oxidized  and  forms  a 
product  of  a  resinous  nature. 

(3.)  Spirits  of  turpentine,  though  insoluble  in  water,  forms  three 
hydrates  :  viz.,  (a)  a  crystalline  hydrate,  CioHig,3H20,  soluble  in  water, 
and  fusing  at  217°  F.  (102-8°  C.)';  (/3)  a  second  crystalline  hydrate, 
CioHi6,2H20,  subliming  at  480-9°  F.  (248°  C.)  formed  by  the  action  of 
heat  on  the  former  hydrate  ;  and  (y)  a  liquid  hydrate  called  terpinole, 
(CioHigjgjHoO,  having  an  odor  of  hyacinths,  and  obtained  by  dis- 
tilling either  of  the  former  hydrates  with  sulphuric  acid. 

(4.)  Chlorine  and  bromine  are  so  rapidly  absorbed  by  turpentine,  that 
.combustion  frequently  results,  HBr  and  HCl  being  formed,  and 
t  carbon  set  free.  Distilled  with  water  and  chloride  of  lime,  chloroform 
I  is  formed.  With  iodine,  combustion  does  not  usually  occur.  The 
i  solution  of  iodine  in  turpentine  is  green,  and,  as  the  heat  increases 
during  the  progress  of  the  chemical  action,  hydrochloric  acid  is  evolved. 

(5.)  By  the  action  of  gaseous  boric  fluoride,  or  when  the  spirits  of 
turpentine  is  digested  with  a  little  oil  of  vitriol  in  the  cold,  it  yields 
two  liquids,  both  of  which  are  without  action  on  a  polarised  ray  ;  viz., 
t  terebene  (CioHig),  a  liquid  boiling  at  320°  F.  (160°  C),  having  the  odor 
<  of  thyme,  and  colophene  or  diterebene  (CaoH^a),  a  liquid  boiling  at  600°  F. 
.  (315-5°  C),  and  having  a  sp.  gr.  of  0*940  (vapor  density  4-76).  This 
1  latter  liquid  appears  colorless  by  directly  transmitted  light,  and  blue 
by  obliquely  transmitted  light.    Both  terebene  and  colophene  are  a 
mixture  of  hydrocarbons. 

(6.)  Common  nitric  acid  forms,  with  turpentine,  acid  products.  The 
action  of  the  fuming  acid  upon  it  is  suflaciently  energetic  to  cause  com- 
bustion. 

The  following  volatile  or  essential  oils  have  the  same  composition  as 
common  spirits  of  turpentine  (CioH,(;),  viz.,  oils  of  lemon,  orange, 
bergamot,  lime,  citron,  neroli  (?),  caraway,  camomile,  coriander,  elemi, 
gomart,  hop,  juniper,  laurel,  parsley,  savin,  thyme,  valerian,  winter- 
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green,  cloves,  etc.  The  oils  of  copaiba  and  cubebs  (C20H32)  are  also 
polymeric  with  spirits  of  turpentine. 

All  these  bodies  form  resinoid  substances  by  exposure  to  air.  They 
also  form  crystalline  hydrates  and  artificial  camphors,  by  the  action  of 
hydrochloric  acid. 

It  will  be  convenient  here  to  consider  a  few  bodies,  the  exact 
relationship  of  some  of  which  it  is  not  easy  to  define. 

I.  Essential  or  Volatile  Oils. 

These  hydrocarbons  are  found  for  the  most  part  in  the  vegetable 
kingdom  and  in  all  parts  of  the  plant :  sometimes  in  the  seed,  as  in 
the  mustard  ;  sometimes  in  the  lind  of  the  fruit,  as  in  the  orange  ; 
sometimes  in  the  flower,  as  in  the  rose ;  sometimes  in  the  leaves,  as  in 
the  myrtle.  A  few  only  are  found  in  the  bodies  of  animals,  such  as 
e.g.,  the  oil  of  ants. 

Preparation  of  the  Volatile  Oils— (a-)  Bj  pressure.  JSxampies—. 

Oils  of  lemon,  bergamot,  laurel,  etc. 

(/3.)  By  distillation  with  water.  This  is  the  common  method  of 
extracting  the  majority  of  these  oils. 

(y.)  By  fermentation  and  distillation.  This  is  illustrated  in  the  pre- 
paration of  the  oils  of  bitter  almond  and  mustard,  where,  after  the  seed 
has  been  crushed  and  mixed  with  water,  the  action  of  some  nitro- 
genized  body  on  certain  compounds  in  the  seed,  develops  the  oil  which 
is  afterwards  extracted  by  distillation. 

(g.)  By  destructive  distillation.  Examples. — The  volatile  oils  from 
peat,  wood,  coal,  bones,  etc. 

(e.)  By  solution  in  a  fixed  oil  destitute  of  odor  (such^as  poppy  oil). 
Examples — Oils  of  geranium,  jessamine,  violet,  heliotrope,  etc. 

.)  By  chemical  action.  Example— Oil  of  spir^a,  from  salicine. 
Properties. — («•)  Physical.  At  ordinary  temperatures  these  oils 
are  usually  liquid.  Oil  of  aniseed,  however,  is  a  solid.  Their  color 
is  mostly  yellow  when  first  prepared,  but  they  rapidly  darken  by 
exposure  to  air  from  absorption  of  oxygen,  becoming  finally  a  resinoid 
mass.  Their  odor  is  powerful.  Their  boiling-point  is  usually  above 
212°  F.  (100°  C).  They  produce  on  paper  a  greasy  stain  which  is 
transient,  and  dissipated  by  heat.  Their  specific  gravities  vary,  but 
they  are  usually  lighter  than  water. 

(/3.)  Chemical.  They  are  all  combustible  bodies,  sHghtly  soluble  in 
water,  the  solution  forming  the  officinal  medicated  waters.  They  are 
freely  soluble  in  spirit  (forming  essences),  from  which  solutions  they 
are  precipitated  by  water.  They  are  soluble  in  fatty  oils.  By  the 
action  of  cold  they  separate  into  a  solid  crystalline  compound  (camphor 
or  stearoptene)  and  a  liquid  oil  (eloeoptene).  They  are  destroyed  by 
the  action  of  acids.  They  are  insoluble  in  potash,  and  are 
saponified  by  alkalies. 
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Essential  Oils. 


Isomers  of  Turpentine. 


s  of 

Specific  Gravity. 

Boiling  Pt. 

Direction 
of 

Rotation. 

Source. 

Remarks. 

Liquid. 

Vapor. 

°  F, 

°c. 

'iae  .. 

4*812 

O^U 

lOU  u 

left 

Coniferous 

trees. 

1  ft9*R 

right 

See  Oil  of  Lemon. 

4 '60 

J.DU  U 

left 

>  • 

5-28 

oxo 

lUQ  J. 

« 

.0 

347 

176'0 

Anthemidis 

Contains  the  hydrocarbon  CjoHie.  and 

floras 

an  oxidized  body,  CjoHieOa- 

■■'  • .    •  • 

5*17 

343 

172'8 

right 

Contains  carveve  (CjoHia)  and  carvol 

(CioHi^O). 

0*918 

1  19  •& 

{\'QA  Q 

J.I  0  i7 

left 

right 

f\'Qtt 

U  ob 

J.DU  V 

left 

•  •    >  < 

U  oDi 

^  at 

343 

1  79*7 

right 

Contains,  in  common  with  many  others. 

hesperidene  (CioHis).  and  certain  oxi- 

dized hydrocarbons. 

4  04 

ooo 

1  Qfl'n 
lOU  U 

right 

See  Lemon. 

aDU  U 

4  (0 

OOO 

-LD/  i 

XOU  u 

U  00/ 

Q9n 

iOU  1/ 

4  1  o 

329 

none 

0*878 

500 

260-0 

left  • 

. .    . . 

0-929 

490 

254-6 

left 

[  Roses . 

Contains  a  solid  hydrocarbon,  CsHio,  and 

an  oxidized  product,  to  which  the  scent 

VlmoDu, . 

Amygdala 

IS  due. 

amara 

Fructus 

Contains  anetliene  (CioHis)i  and  an  oil 

anethi 

CioHa^O. 

■ 

Pompenella 

Contains  a  solid  hydrocarbon,  CioHm. 

anlsum 

Composition,  C^HgCNS. 

See  Oil  of  Lemons. 

jms   . . 

Ditto.      It  also  contains  a  camphor. 

CioHis^HaO. 

Contains  cajuputol  (CioHje-HaO). 

on 

1-050 

■  uint  . . 

Contains  mmthene  (CioHia). 

.. 

1-094 

■t 

1-015 

II.  Camphors. 

Camphors  are  oxidized  hydrocarbons,  and  are  closely  related  to  the 
essential  oils. 

Common  camphor  (CioHisO)  is  obtained  from  the  wood  of  the 
Lauras  Camphora,  or  camphor  laurel,  by  boiling  it  in  water,  and 
condensing  the  camphor  as  it  passes  over,  on  straw  placed  at  the  head 
of  the  still.  It  is  afterwards  purified  by  sublimation.  An  oil  distils 
over  during  the  action,  called  liquid  camphor  or  oil  of  camphor 
(C^ioHi6)20,  which  by  exposure  to  air  oxidizes  and  deposits  common 
camphor. 

Properties  .—{a.)  Physical,  A  white  crystalline  (octahedra)  solid, 
volatile  at  ordinary  temperatures.  It  has  a  specific  gravity  of  0-996. 
It  fuses  at  347°  F.  (175°  C),  and  boils  at  399°  F.  (203-9°  C).  It 
rotates  a  ray  of  light  to  the  right  (  +  47-4).    It  is  very  slightly 


652  HANDBOOK  OF  MODERN  CHEMISTRY. 

soluble  in  water  (1  in  2,000  parts,  or  40  grains  per  gallon),  but  is 
freely  soluble  in  alcohol,  in  ether,  in  chloroform,  and  in  strong  acetic 
acid. 

(13.)  Chemical.  Camphor  burns  with  a  smoky  flame.  When  distilled 
it  yields  the  colorless  compound  camphoric  oxide  (C10H14O3).  Distilled 
with  PgSj  or  with  phosphoric  anhydride,  it  forms  cymene  and  hydro- 
chloric acid.  With  nitric  acid  it  forms  camphoric  acid  (C10H15O4),  a 
dextro-rotatory  body.  It  is|  acted  on  by  bromine,  forming  CioHigBrgO. 
Other  bromine  compounds  also  may  be  formed,  such  as  monohrom- 
camphor  (CjoHuBrO).  Chlorine  is  without  action  upon  it.  Heated  in 
sealed  tubes  with  an  alcoholic  solution  of  caustic  soda,  it  is  resolved 
into  camphol  (CioHjgO)  and  camphic  acid  (CioHigOe). 

Borneo  camphor  (CioHjgO)  is  an  exudation  from  the  Dryabalanops 
camphora.  It  crystallizes  in  prisms.  By  distillation  it  yields  a  vola- 
tile oil  called  bomeene  (CjoHig),  which  is  often  sold  in  the  market  as 
camphor  oil,  or  liquid  camphor. 

By  oxidation  with  nitric  acid,  Borneo  camphor  forms  common  cam- 
phor; whilst,  by  the  action  of  metallic  sodium  on  a  solution  of  com- 
mon camphor  in  toluene,  it  may  be  converted  into  Borneo  camphor. 

Common  camphor  rotates  a  ray  of  light  to  the  right.  The  camphor 
contained  in  the  oil  of  feverfew  rotates  it  to  the  left.  The  camphor  in  the 
essential  oils  of  the  N.  0.  Labiates  are  optically  inactive.  The  cam- 
phoric acids  respectively  formed  from  these  camphors  by  the  action 
upon  them  of  nitric  acid,  have  similar  optical  efiects  to  the  camphors 
themselves,  but  if  the  right  and  the  left  rotatory  acids  be  mixed  toge- 
ther in  equal  proportions,  the  compound  acid  formed  is  found  to  be 
without  action  on  the  polarized  ray. 

III.  Eesius. 

Resins  are  bodies  which  exude  from  plants,  dissolved  in  the  essential 
oil  peculiar  to  the  plant.  They  are  for  the  most  part  oxidized  tere- 
benes,  and  are  produced  in  the  plant  by  the  oxidation  of  their  essential 
oils. 

Preparation. — (1.)  By  simple  exudation.    Example — Copal. 

(2.)  By  distilling  the  oil  from  the  resin  in  which  it  is  dissolved. 
JSxample — Common  rosin. 

(3.)  By  destructive  distillation.     Examples — Guiacum,  pitch. 

Properties. — (a.)  Physical.— The  resins  are  solid  transparent  bodies, 
sometimes  crystallizable.  They  have  no  well-marked  odor.  They 
are  easily  fused,  but  they  are  not  volatile.  They  are  decomposed 
when  heated  in  closed  vessels.  They  are  insoluble  in  water,  but  are 
soluble  in  spirit.  They  are  electrical  insulators,  and  yield,  by  fric- 
tion, negative  electricity. 

(/3.)  Chemical— The  resins  are  combustible,  and  burn  with  a  white 
flame.     Many  of  them  are  acid  to  litmus  (as,  e.g.,  sandarach  and 
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giiiacum),  and  yield  a  lather  when  acted  on  with  an  alkaline  lye. 
This  mixture,  however,  differs  from  a  soap  solution  iu  not  being  pre- 
cipitated on  the  addition  of  a  solution  of  common  salt. 

The  resins  generally  are  compounds  of  more  than  one  resin.  Their 
exact  proximate  constitution  is  not,  in  the  majority  of  cases,  well 
understood. 

Varieties  of  Resins. 

Eesins.  Sources. 


Common  rosin  (  Brown  . . 
{colophony)  \  White   . . 

Amber   

Amicin  {C^E^O^)  ..     . . 

Cannabin  

Capsicum  resin 

Castorin  

Copal  

Dammar  resin  

Dragon's  blood  (CjoHjoO  J 

Ergotin   

Guiacum  resin  

Jalap  resin   

Koussin  (C„H,30,o) 

Lac    . .   

Masticb  

Mezereon  resin  

Burgundy  pitch 
Podophyllum  resin  . . 

Pyrethrin  

Rhubarb  resin 


From  kamala. 

From  the  juniperus  communis. 

1.  Common  rosin  (colophony)  is  the  residue  of  the  distillation  of 
turpentine.    The  quantity  obtained  varies  from  75  to  90  per  cent,  of 
lie  turpentine  employed.    It  is  a  mixture  of  two  acid  bodies,  viz.,  a 
rystallizable  acid  called  abietic  acid  (C:i4,llQ^0s),  and  an  amorphous 
icid  called  pinic  acid  (C20H3QO2). 

2.  Lac  is  an  exudation  from  certain  trees,  occasioned  by  the  punc- 
ture of  an  insect.  "  Stick  lac  "  is  the  crude  state  in  which  the  resin 
s  collected.  "  Seed  lac  "  is  the  resinous  residue  left  after  boiling  the 
rude  lac  with  a  solution  of  sodic  carbonate,  in  order  to  extract  from 
t  a  red-coloring  matter  (lac-dye)  used  by  the  dyer.  Shellac  "  is  the 
used  "  seed  lac."  This  resin  is  largely  used  for  hats,  sealing-wax,, 
tnd  varnishes.  "  Indian  ink "  consists  of  a  mixture  of  shellac 
100  grs.),  borax  (20  grs.),  lampblack  and  water  (4  ozs.).  ^'Lacquer" 
s  an  alcoholic  solution  of  shellac,  sandarach,  and  Venice  turpentine. 


The  residue  of  American  turpentine  {  pinus  abies). 
(Galipot).    The  residue  of  Bordeaux  turpentioe  (pinus 

maritiina). 
A  fossil  resin. 

The  active  principle  of  arnica  root  {arnica  radix). 
Indian  hemp  {cannabis  indiea) . 
Obtained  from  the  fruit  of  the  capsicum. 
Castor  is  the  dried  preputial  follicles  and  secretions  of 
the  beaver. 

An  exuded  resin  from  certain  extinct  trees  {ht/menaa 
verrucosa  ?).    It  is  found  beneath  the  ground. 

An  exudation  from  the  fruit  of  a  palm  {calamus  draco). 

An  active  constituent  of  ergot. 

From  the  "wood  of  guiaeum  officinale. 

Prom  the  jalap  tubercles.    It  is  insoluble  in  turpentine. 

From  kousso. 

An  exudation  on  certain  trees  (as  the  Jicus  indica)  pro- 
duced by  the  puncture  of  an  insect  {coccus). 

From  the  stem  of  the  mastic  or  lentisk  tree  {pistachia 
lentiscus) . 

From  the  dried  bark  of  the  Daphne  mezereum. 
From  the  stem  of  the  spruce  fir  {abies  excelsa) . 
From  podophyllum  root. 
From  pellitory  root. 
From  rhubarb. 
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3.  Amber  is  a  fossil  resin  found  accompanying  lignite.  It  is  soluble 
in  alcohol  (1  part  in  8),  and  in  ether  (1  in  10).  It  is  more  soluble  in 
these  liquids  after  it  has  been  fused  than  before.  When  acted  on 
with  nitric  acid  or  digested  with  alkalies,  it  yields  succinic  acid.  ,li 

4.  Copal  differs  from  other  resins  by  its  comparatively  slight  solu-  | 
bility  in  alcohol  and  in  essential  oils.  When  melted,  however,  it  | 
mixes  with  oils,  and  is  thus  made  into  varnish. 

5.  Guiacum  resin  is  the  exudation  from  the  wood  of  the  guiacum 
ofQ.cinale.  It  is  soluble  in  alcohol.  Oxidizing  agents,  under  the  influ- 
ence of  certain  organic  substances,  produce  a  blue,  green,  and  brown 
color  with  the  alcoholic  solution. 

Uses  of  Resins.  —  For  varnishes.     For  stiffening  purposes  ;  for 
yellow  soap,  and  for  sealing-wax. 

In  the  manufacture  of  varnishes,  the  powdered  resin  (copal,  mastic,  \ 
sandarach,  lac,  elemi  and  anime  being  those  most  frequently  used)  is  f^j 
mixed  with  some  powdered  glass,  so  as  to  prevent  its  becoming 
lumpy.    The  solvents  principally  employed  are  turpentine,  methylated 
alcohol  and  wood  spirit.    In  the  case  of  copal,  mastic  and  sandarach,  , 
certain  liquids  such  as  acetone,  a  little  turpentine  or  some  fixed  oil  ; 
(such  as  linseed  or  poppy),  are  commonly  added  to  prevent  the  varnish  ; 
cracking  when  dry  (oil  varnishes).     Spirit  varnishes  dry  rapidly  ; 
oil  varnishes  dry  slowly,  but  are  more  durable.  « 


IV.  Gum  Resins. 

Definition. — Mixtures  of  a  resin  or  of  an  oleo-resin  with  a  gum. 

Gum  resins  form  an  emulsion  when  rubbed  up  with  water,  i.e.,  the 
particles  of  resin  are  held  in  suspension  by  the  solution  of  gum. 
The  gum  resins  are  soluble  in  dilute  alcohol  and  in  weak  alkalies. 
They  form  a  numerous  class,  amongst  which  may  be  mentioned 
ammoniacum,  assafoetida,  aloes,  euphorbium,  galbanum,  gamboge, 
myrrh,  olibanum  or  Arabian  frankincense,  and  scammony. 

V.  Oleo-Resins. 

Definition. — A  mixture  of  a  resin  and  a  volatile  oil. 

This  class  includes  copaiva,  the  turpentines,  common  frankincense, 
(Pinus  Toeda),  Canada  balsam  (the  turpentine  from  the  Balm  of 
Grilead  fir),  sumbul  root,  etc. 

VI.  Balsams. 

Definition.— A.  resin,  or  an  oleo-resin,  containing  benzoic  or 
cinnamic  acid.  {Memo.  Balsam  of  Copaiba  and  Canada  balsam  are 
not  true  balsams,  as  they  neither  contain  cinnamic  nor  benzoic  acid.) 

This  class  includes  benzoin  (styrax  benzoin),  balsam  of  Peru 
(myroxylon  Pereira),  balsam  of  tolu  (myroxylon  toluifera),  storax 
(liquidambar  orientale),  etc. 
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India  Rubber— Caoutchouc. 

Natural  History. — A  milky  juice,  solidifying  on  exposure  to  air. 
It  is  obtained  from  many  tropical  plants,  such  as  the  Ficus  elastica,  etc. 

Constitution. — A  mixture  of  several  isomers  and  polymers  of  tur- 
pentine oil. 

Preparation. — The  juice,  which  is  perfectly  white  and  liquid  when 
first  obtained,  flows  from  incisions  made  in  the  tree,  and  is  then  dried 
on  clay  moulds. 

Properties  of  the  solid  caoutchouc.  —  An  elastic  solid.  Specific 
gravity  0-93.  It  melts  at  250°  F.  (120-9°  C).  When  heated  slightly 
beyond  its  melting-point,  it  forms  a  liquid  which  does  not  solidify  on 
cooling.  At  a  higher  temperature  it  is  decomposed  into  two  liquids, 
viz.,  isoprene  (CsHg),  boiling  at  98-6°  F.  (37°  C),  and  caoutchine, 
boiling  at  339-8°  F.  (171°  C),  and  in  both  of  which  liquids  caoutchouc 
is  soluble.  It  is  insoluble  in  alcohol  or  in  water,  but  is  softened  by 
boiling  water.  It  is  soluble  in  ether,  in  naphtha,  and  in  the  volatile 
oils,  and  remains  unchanged  as  the  solvent  evaporates.  Neither 
alkalies,  dilute  acids,  nor  indeed  chemical  reagents  generally,  have 
any  action  upon  it.  It  combines  with  about  2  to  3  per  cent,  of 
sulphur  when  melted  in  contact  with  it,  forming  "  Vulcanized  India 
Rubber,"  which  is  a  more  elastic  body  than  rubber,  but  is  insoluble  in 
naphtha  or  in  turpentine,  and  is  incapable  like  rubber,  of  cohering  to 
other  surfaces  with  which  it  may  be  brought  into  contact. 

Uses : — 

1.  For  general  cleansing  purposes. 

2.  For  waterproofing. 

3.  For  vulcanized  India  rubber.  Most  specimens  of  vulcanized 
rubber  contain  more  than  2  per  cent,  of  sulphur.  Under  such  circum- 
stances the  rubber  after  a  short  time  becomes  inelastic  and  brittle, 
owing  to  the  oxidation  of  the  free  sulphur. 

4.  For  ebonite  (vulcanite).  This  is  prepared  by  mixing  caoutchouc 
with  about  half  its  weight  of  sulphur,  and  afterwards  hardening  the 
mixture  by  heat  and  pressure.    It  takes  a  high  polish. 

5.  Marine  glue  is  a  solution  of  caoutchouc,  mixed  with  a  little  shellac, 
in  coal-tar  naphtha. 

Gutta  Percha. 

Natural    History.  —  A    milky  juice  exuding  from  the  Isonandra 
percha,  and  solidifying  by  exposure  to  air. 
Composition. — Similar  to  that  of  caoutchouc. 

Properties. — An  inelastic  solid  ;  specific  gravity  0-98.  It  is  in- 
soluble in  water,  alcohol,  acids  or  alkalies,  but  is  soluble  in  ether, 
volatile  oils,  chloroform,  carbonic  disulphide,  naphtha,  etc.  It 
softens  at  212°  F.  (100°  C.)  and  decomposes  at  400°  F.  (204-4°  C). 
It  may  be  vulcanized  like  caoutchouc. 
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THE  ALCOHOLS. 


Relatiou  of  Alcohols  to  other  Bodies — Series  of  Alcohols — General  Preparation  aud 
Properties  of  the  Members  of  the  various  Series — Mercaptans. 

Supplementary  Chapter:  Sugar — Glucosides  —  Starches — Gums  —  Reaction  of 

various  Alcohols  and  allied  Bodies.  | 

The  alcohols  are  saturated  derivatives  of  the  hydrocarbons,  one  or 
more  atoms  of  the  hydrogen  of  the  hydrocarbon  being  replaced  by  a 
semi-molecule  of  hydroxyl  (OH)  ; — in  other  words,  the  alcohols  are 
hydroxides  analogous  to  the  hydroxides  of  the  metals. 

(a.)  If  1  hydrogen  atom  only  of  the  hydrocarbon  be  replaced  by 
1  of  the  group  (OH),  a  monohydric  alcohol  is  formed.  Thus  C3H7(OH), 
a  derivative  of  CoHg,  constitutes  monohydric  propylic  alcohol. 

(/3.)  If  2  or  more  hydrogen  atoms  be  replaced  by  2  or  more  of  the 
group  (OH),  a  dihydric  (or  trihydric,  etc.)  alcohol  is  formed.  Thus 
C3H3(OH)3  constitutes  the  trihydric  alcohol  glycerine. 

The  exact  relationship  of  the  alcohols  to  the  ethers  must  be  noted. 

Relation  of  the  alcohols  to  the  haloid  ethers— li  the  group  or  groups 
of  (OH)  in  the  alcohol,  be  replaced  (partly  or  wholly)  by  chlorine 
(e.g.,  by  the  action  upon  the  alcohol  either  of  a  haloid  acid,  or  of  a  com- 
pound of  phosphorus  with  a  haloid),  a  haloid  ether  is  formed.  Thus 
propylic  alcohol,  C3H7(OH),  forms  jrropane  chloride,  C3H7(C1). 

If  this  haloid  ether  be  treated  with  potassic  or  sodic  hydrate,  the 
alcohol  will  be  reformed  ;  thus  : — 

CsH.CCl)  +      KOH      =     C3H7(OH)    +       KCl.  . 
Propane    .  +       Potassic       =         Prop  >  lie         +  Potassic 
chloride  hydrate  alcohol  chloride. 

Relation  of  the  alcohols  to  the  oxy-ethers.—Ii  the  group  or  groups  oF 
(OH)  in  the  alcohol  be  replaced  by  potassoxyl  (OK)  or  methyloxyl 
(OCH3),  etc.,  an  oxygen  ether  is  formed.    Thus — 

Ethylic  alcohol  CoH5(0H)  forms  C2H5(OK),  potassic  ethylate ; 

C2H5(OCH3),  methylic  ethylate,  etc. 

Relation  of  the  alcohols  to  the  compound  ethers  (ethereal  salts).— If  the 
hydrogen  of  the  hydroxyl  (OH)  in  the  alcohol,  be  replaced  by  an  acid 
radical,  an  ethereal  salt  is  formed.    Thus — 

Methylic  alcohol,  CH3(0H),  forms  CH3(C2H302),  methylic  acetate. 

Constitution— An  alcohol  may  be  regarded  as  formed  on  the  water 
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type,  where  one  atom  of  hydrogen  is  replaced  by  a  compound  hydro- 
carbon radical.    Thus — 

C^HsIq^     C^HsCOH)  CsH^Iq^  CgH^COH) 

H  )  Ethylic  alcohol ;  PI  j  Propylic  alcohol. 

The  alcohols  may  be  arranged  in  the  following  groups  : — 


Series. 


A. — MONOHYDKIC  AlCOHOLS- 

I.  Ethylic  series 
II.  Vinylic  series 
III. 
IV. 

V.  Benzylic  series  . . 
VI.  Cinnamic  series  . . 
VII. 

P. — DiHYDuic  Alcohols — 

I.  Glycols   

II.  Orcins  


C.  — Trihydbic  Alcohols — 

I.  Glyceric  series  . , 
II.  Pyrogallic  series 

D.  — Tetrahydric  Alcohols — 


E. — Hexhydric  Alcohols- 


Formulae. 


CnH2n_l(0H) 

C„H2^_5(0H) 

CnH2n-7(OH) 

C„H^_3(0H) 
C„H^_.3(0H) 


CnH2„(0H), 


C„TT2^,(OH)3 


CnH2n_.(0H), 
Cn^2n-4(OH)g 


Examples. 


Methylic  alcohol  CIl3(0H). 
VinyUc  alcohol  C2H3(0H). 
PropargjHc  alcohol  C3H3(0H), 

Phenol  C6H5(0H). 
Cinnamic  alcohol  CgH9(0H). 


Glycol  CjH.COH),. 
Orcin  CeH3(CH3)(OH)2 


Glycerin  CgH^COH),. 
PyrogaUol  C6H3(OH)3 


Erythrite  C4H6(OH)4. 
Mannite  CeH8(OH)8. 
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Ethylic  Series. 

Series  I. — Formula  CnH2n+i(0H). 


This  includes  : — 


Alcohols. 

Formulse. 

Speciflc  (Jr. 
at°0. 

Boiling  Pt. 

Vapor 

o  p. 

°0. 

Density. 

Methylic  (wood  .. 

naphtha)     . .    . . 
Ethylic  (spirits  of 

Propylio  

Bntylic   

C,H,(OH) 
C3H,(0H) 
C^H„(OH) 

C,H,,(OH) 
C„H,,(OH) 
C,Hi,(OH) 
C»H„(OH) 

0-708  at  20 

0-7938  at  16 
0-8206  at  0 
0-8032  at  18 

0-8111 
0-819  at  23 

0-8717  at  16 

161-0 

173-0 
206-0 
233-0 

269-8 
309-0 
343-0 
366-0 

66-1 

78-3 
96-6 
111-7 

132-1 
153-9 
172-8 
180-0 

1-12 

1-  61 

2-  02 

2-  69 

3-  16 

3-  63 

4-  50 

Amy  He  (fnsel  oil; 
pentylic)     ..  .. 

Hexylic  (caprolc)  .. 
'  CEnanthlc  (hoptylic) 
<  Capryllc  (octylic)  .. 

Nonylic   

C„H,(,(OH) 

C,„H,i(OH) 

0,,IIa,(OH) 

C,„H3,(0H) 

C„H„(OH) 

CaoHoiCOH) 

392-0 
414-0 

200-0 
212-2 

Rntic  (decatyUc;  . . 
Laurie   

]  Cetylic  (ethal) 
'  Ceryllc  (cerotone)  .. 
Melissic  (molissino) 

Sources. 


Destructive  distillation  of  wood. 

Fermentation  of  sugar. 

Ditto       of  grape  husks. 
Ditto       of  beet  root. 

Ditto       of  potatoes. 
Ditto       of  grape  husks. 
Fermentation  of  grape  husks. 
Distillation  of  castor  oil  with 
KHO. 

Oil  of  rue. 
Whale  oil. 

Sporniaooti ;  fuses  at  122°  F. 
Chinese  wax  ;  fuses  at  174°  F. 
Beeswax ;  fuses  at  186»  F. 


U  U 
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Isomeric  forms. — All  these  alcohols  (excepting  the  first  two  terms) 
have  numerous  isomeric  modifications.  They  are  distinguished  partly 
by  their  different  physical  properties,  such  as  by  their  different  boiling- 
points,  but  more  especially  by  their  behaviour  on  oxidation.  We  iire 
indebted  to  Kolbe  for  a  systematic  arrangement  of  these  isomerides.  To 
methylic  alcohf)l  (CH3.OH)  he  has  given  the  name  carbinol,  whilst  all 
the  succeeding  alcohols  he  terms  carhinoh,  regarding  them  as  deri- 
vatives of  the  first  term  (methylic  alcohol),  and  formed  by  the  replace- 
ment of  hydrogen  by  monad  radicals  of  the  form  CuHjn+i : 

(a.)  If,  judging  by  its  preparation  and  by  its  mode  of  formation, 
the  alcohol  be  formed  by  the  replacement  of  1  unit  of  hydrogen  of  the 
carbinol  by  the  compound  group  (CnHon+i),  the  alcohol  is  then  called 
a  primary  alcohol.    Thus,  (CH3.OH)  being  carbinol — 

CFj(CH3)0H  is  the  primary  alcoliol  methyl  carbinol  (ethylic  alcohol). 
CHj(C2lIj)0H         ,,  ,,      etliijlic  carbinol  (piopylic  akoho!). 

(/3.)  If  two  units  of  hydrogen  of  the  carbinol  be  replaced  by  2  of  the 
group  (CuHgn+j),  the  alcohol  is  then  called  a  secondary  alcohol. 
Thus— 

CH(CE3)(CH3)OH  is  the  secondary  alcohol  dimethyl  carbinol  (propylic  alcohol). 
CH(CaH5)(CHs)0H  ,,  ,,       ethylmeihijl  carbinol  (butylic  alcohol). 

(y.)  If  three  units  of  hydrogen  of  the  carbinol  be  replaced  by  three 
of  the  group  (CaHgu+i),  the  alcohol  is  then  called  a  tertiary  alcohol. 
Thus— 

C(CH3l(CH3)(CH3)0H  is  the  tertiary  alcohol  trimethyl  carbinol  (butylic  alcohol). 
C(C2H5)(CH3)(CH3)0H        ,,  „       ethyldimethyl  carbinol  {amjlioaXoohol), 

It  will  therefore  be  understood  that  an  alcohol  is  regarded  as 
primary,  secondary,  or  tertiary,  accordingly  as  the  carbon  atom  in 
combination  with  the  hydroxyl  group,  be  directly  combined  with  1,  2, 
or  3  other  carbon  atoms.  It  will  further  be  evident  why  no  isomeric 
modifications  of  methylic  or  ethylic  alcohol  are  possible. 

The  following  list  includes  the  principal  secondary  alcohols: — 


Name. 


Dimethyl  carbinol  . 
Ethyl  methyl  carbinol  . . 
Me.hyl-isopropyl  carbinol 
Methyl  propyl  carbinol. . 
Methyl  butyl  carbinol  . . 
Methyl  pentyl  carbinol. . 
Methyl  hexyl  carbinol  . . 
Methyl  nonyl  carbinol  . . 


Formulse. 


CH(CH3)20H 

CH(CH3)(C,H,)0H 

CH.CH(Ca3)30H 

CH(CH3)(C3H,)()H 

CH{CH3)(C,Hg)0H 

CH(0H3)(C5H„).JH 

CH(CH3)(C6H.3)OH 

Cti(Ull3)(C9H,,)0H 


Boiling  point. 

0  Y 

°  C. 

185 

85-0 

207 

97-2 

226 

107-8 

248 

120-0 

277 

136-1 

320 

160-0 

358 

181-1 

445 

225-5 

The  following  tertiai-y  alcohols  are  known: — 
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FormulcB. 

Boiling  point. 

o  p 

°  C. 

Triraethvl  rarbinol 

C(CH3),0H 
C(CH3).;(C,H,)0H 
CrCH  ri'OFT  ^  OH  OH 
C  CH3),(C3H,)OH 

c(oh3)(c;h,),oh 

C(C2HJ30H 
C(0,H,),(C3H,)0H 

179 
212 
234 
239 
248 
284 
302 

82 
100 
112 
115 
120 
140 
160 

Dimethyl  ethyl  carbinol 
Dimethyl  isopropyl  carbinol 
Dimethyl  propyl  carbinol    , .     . . 
Methyl  diethyl  r  arbinol 
Triethyl  carbinol  

Diethyl  propyl  carbinol 

It  will  be  convenient  here  to  note  the  different  effects  of  oxidizing 
agents  on  these  three  classes  of  alcohols  : — 

(a.)  Primary  alcoJiols. — These  yield,  by  oxidation,  three  products  ; 
viz.,  (1)  an  aldehyde;  (2)  a  monobasic  avid;  and  (3)  an  ethereal  salt,  the 
relative  quantities  of  each  of  these  products  being  dependent  on  many 
causes,  such  as  the  temperature,  the  alcohol,  the  oxidizing  agent,  and 
the  quantity  of  water  present.    Thus  : — 

(1.)  CHgCHsCOH)  +       0       =     CH3COH      +  H2O. 
Ethylic  alcohol  +    Oxygen     =    Acetic  aldehyde    +  Water. 

(2.)  CH3COH        +         O        =  CH3COOH. 

Acetic  aldehyde       +       Oxygen       =       Acetic  acid. 

(3.)  CH3COOH  +    C^HsCOH)    =   CH3COO(C2H5)   +  H^O. 
Acetic  acid    +    Ethylic  alcohol    =       Ethylic  acetate       +  Water. 

Thus  a  primary  alcohol  yields,  on  oxidation,  an  aldehyde,  an  acid  con- 
taining the  same  number  of  carbon  atoms  as  the  alcohol  oxidized,  and  an 
ethereal  salt. 

(13.)  Secondary  alcohols. — These  yield  no  aldehyde  on  oxidation,  but 
(1)  a  ketone,  which,  by  the  prolonged  action  of  the  oxidizing  agent, 
becomes  (2)  an  acid,  but  which  acid  contains  a  less  number  of  carbon 
atoms  than  the  alcohol  oxidized. 

(7.)  Tertiary  alcohols. —These  yield  no  ketone,  and  no  aldehyde  on 
'  oxidation,  but  one  or  more  acids  of  the  acetic  series.  Possibly  a  ketone 
I  may  be  formed,  but  it  has  never  yet  been  discovered. 

Preparation  (General  Methods)  of  the  Normal  Primary  Alcohols. 
(1.)  From  the  parajfins  (CnHgn+a)- — This  is  illustrated  in  the  pre- 
J  paration  of  methylic  alcohol  from  methane  (CH4),  as  follows  :— 

(a.)  A  monochlorinated  derivative  of  the  paraffin  is  first  formed,  by 
» the  action  of  chlorine  on  the  paraffin.    Thus  : — 

CH4     +     CI2      =  HCl  +  CII,C1. 

Methane    +    Chlorine    =    Hydrochloric  acid    +    Methyl  chloride. 

(/3.)  By  the  action  of  argentic  acetate  on  this  chlorinated  derivative, 
I  an  ethereal  salt  is  formed.    Thus,  e.g.  .— 

uu  2 
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CH3CI     +    AgC^HsOa  =      AgCl       +  CH,(C2l-l302). 
Methyl       +       Argentic       =       Argentic       +  Methylic 
chloride  acetate  chloride  acetate. 

(y.)  By  the  action  of  potassic  hydrate  on  this  ethereal  salt,  potassic 
acetate  and  methylic  alcohol  are  formed. 
CH3(C2H302)  +      KHO      =   CH,(OH)     +  KC2H3O2. 

Methvlic       +        Potassic       =       Methylic       +  Potassic 
acetate  hydrate  alcohol  acetate. 

[Conversely  it  may  be  noted  that  the  alcohol  may  be  converted  into 
its  corresponding  paraffin  by  first  forming  a  chlorine  derivative,  and 
then  acting  on  the  chlorine  derivative  with  nascent  hydrogen  {see  page 
626).] 

(2.)  From  the  olejines  (C^HsJ.  — This  may  be  effected  by  two 
methods,  which  may  be  illustrated  in  the  formation  of  ethyUc  alcohol 
from  ethylene  (C2H4)  : — 

(A.)  {First  process.)  (a.)  The  define  is  first  acted  on  with  sulphuric 
acid,  whereby  an  acid  ether  of  sulphuric  acid  is  formed.    Thus  :— 

+       H2SO4      =  C2H5.HSO4. 
Ethylene       +       Sulphuric       ==       (Sulpho-vinio  acid)  or 
acid  hydrio  ethylic  sulphate. 

(/3.)  This  ethereal  salt  is  now  distilled  with  water,  when  the  alcohol 
and  sulphuric  acid  are  formed.    Thus  : — 

+      H,0     =  C,H5(H0)  +  H,S04. 

Sulpho-vinic       +       Water       =       Ethylic       +  Sulphuric 
acid  alcohol  acid. 

(B.)  {Second,  process.)  (a.)  By  the  action  of  hypochlorous  acid 
on  the  oleflne,  a  monochlorinated  monohydric  alcohol  is  formed. 
Thus  :— 

+        HCIO  =  CoH,Cl(OH). 

Ethylene       +       Hypochlorous       =       Chlorinated  ethylic 

acid  alcohol. 

When  this  is  acted  on  with  nascent  hydrogen,  the  alcohol  and 
hydrochloric  acid  are  formed  : — 

C,H,C1(0H)     +  =  CMOU)  +  HCl. 

Chlorinated  ethylic    +    Hydrogen    =       Ethylic       +  Hydrochloric 
alcohol  alcohol  acid. 

[Conversely,  by  the  abstraction  of  the  elements  of  water,  the  olefine 

may  be  prepared  from  the  alcohol.    Thus  : — 

CsHsCOH)      —      H2O     =  C2H4. 
Ethylic  alcohol      —      Water       =       Ethylene.  J 

(3.)  From  the  normal  primary  (a)  aldehydes,  ov  from  the  {(i)  anhydrides 
of  the  acetic  series.— By  the  action  of  nascent  hydrogen  in  each  case: 
(a.)  H(COH)  +  H,  =  CH3(0H);  CH,(COH)  +  H,  =  C,H5(0H). 
Fcmic      +  Hy-  =      Methylic  Acetic       +  Hy-  =  Eihyho 

aWehTde     ^dfolen         alcohol  aldehyde       drogen  alcohol. 
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[By  the  action  of  nascent  hydrogen  on  the  isoprimary  aldehydes  of 
the  acetic  series,  isoprimary  alcohols  are  formed.] 

(/3.)       CH3Co}^      +  =    2[C,H5(OH)]    +  OH^. 

Acetic  +    Hydrogen    =  Ethylic  +  Water, 

atihydride  alcohol 

(4.)  One  alcohol  may  be  prepared  from  the  alcohol  immediately 
■preceding  it  in  the  series. — Thus  formic  aldehyde  yields  methylic 
alcohol,  and  methylic  alcohol  may  be  made  to  yield  ethylic  alcohol. 
Thus  :— 

(a.)  lodomethane  (CH3I)  is  first  formed  by  the  action  of  hydriodic 
acid  on  methylic  alcohol. 

(/3.)  Gyanomethane  (CH3(CN))  is  then  formed  by  the  action  of 
potasiic  cyanide  on  iodomethaue. 

{y.)  Sadie  acetate  (NaC^HgOg)  is  formed  by  digesting  cyanomethane 
with  sodic  hydrate. 

(3.)  Acetic  aldehyde  (CH3COH)  is  formed  by  distilling  sodic  acetate 
with  potassic  formate. 

(e.)  Ethylic  alcohol  (C2H5(OH))  is  formed  by  the  action  of  nascent 
hydrogen  on  acetic  aldehyde. 

Similarly  normal  primary  prnpylic  alcohol  may  be  prepared  from 
ethylic  alcohol,  etc. 

Normal  secondary  alcohols  are  prepared  (a)  by  the  action  of  nascent 
hydrogen  on  the  normal  primary  ketones,  and  (/3)  from  the  normal 
primary  paraffins. 

Tertiary  alcohols  may  be  prepared  by  the  action  of  water  on  the 
product  formed  by  the  action  of  the  zinc  organo-metallic  compounds 
on  the  acid  chlorides  of  the  formula  CnHgn+jCOCl. 

General  Properties.  —  (a.)  Physical.  All  the  alcohols  of  the 
ethylic  series  are  colorless,  and  possess  a  more  or  less  powerful  odor. 
The  first  nine  are  colorless  liquids.  The  first  two  (methylic  and 
ethylic  alcohol)  are  mobile  liquids,  and  are  soluble  in  water  in  all 
proportions,  but  the  third  (propylic  alcohol)  has  not  unlimited  solu- 
bility. From  this  point  the  liquids  get  thicker,  their  boiling  points 
higher,  and  their  solubility  in  water  less.  Thus  butylic  alcohol  is  not 
very  soluble,  amylic  alcohol  is  very  sparingly  soluble,  and  hexylic 
alcohol  is  insoluble  in  water.  Caprylic  alcohol  leaves  a  greasy  stain 
when  dropped  on  paper.  From  nouylic  alcohol  downwards,  the 
members  of  the  series  are  solid. 

(/3.)  Ghemical.  With  phosphorus  pentasulphide,  the  ethylic  series 
form  raercaptans  or  sulphydrates  (5(C2H5(OH)) +P2Sg  =  SCoHsCSH) 
(ethylic  sulphydrate)  +  PgOg) ;  with  oxyacids  they  form  ethereal  salts 
(C2H5(OH)  +  HN03  =  (CjHsjNOs  (ethylic  nitrate) -{-U^O)  ;  with  haloid 
acids  or  with  compounds  of  phosphorus  and  the  haloids,  they  form 
monohaloid  derivatives  of  the  corresponding  paraffins  (CIIgCOH)  + 
HI  =  CH3I  (lodomethane)  +  HjO)  ;  with  the  alkaline  metals,  hydrogen 
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is  evolved,  and  a  metallic  derivative  formed  (2(C2H5(OH))  +  Nag  = 
2(C2H5(ONa))  +  H2),  which  metallic  derivative  is  decomposed  hy 
water,  with  the  formation  of  a  metallic  hydrate  and  the  alcohol 
(C2H5(ONa)  +  H2O  =  C2H5(OH)  +  NatlO).  Their  reactions  with 
oxidizing  agents  have  been,  described  (p.  659),  whilst  with  dehydrating 
agents  the  corresponding  olefine  is  formed  by  the  abstraction  of  water 
(C2H5(OH)  —  H2O  =  C2H4  +  H2O). 

(1.)  MethyUc  Alcohol.  (CH3QH)  or  Me(OH).  [Molecular 
weight,  32.  Molecular  volume  |  |  ).  Specific  gravity,  0*798.  Boils  at 
151-7°  F.  (66-5°  C.)  100  c.i.  of  the  vapor  weigh  24-684  grs.,  and 
1  litre  1-433  grmsJ] 

Synonyms. — Carbinol ;  Wood  or  Pyroxylic  spirit;  Hydroxymethane  ; 
Fyroligneous  ether. 

Prejjaration. — 1.  From  the  paraffin  methane  (General  Methods,  1). 

2.  From  formic  aldehyde  (General  Methods,  3  (a)). 

3.  By  the  action  of  potassic  hydrate  on  the  oil  of  the  Gmltheria 
2wocumbens  (wintergreen  ;  raethylic  salicylate). 

[This  oil  was  the  first  vegetable  product  prepared  artificially. 
Thus : — By  the  action  of  potassic  hydrate  on  salicin,  salicylic  acid  is 
formed,  and  this,  when  distilled  with  wood  spirit  and  sulphuric  acid 
yields  the  artificial  oil.] 

C6H,(OH).C02.CH3  +  KHO  =  C6H,(OH).C02K  +  CH3(0H). 
Methylic  salicylate      +  Potassic  =     Potdssic  salicylate     +  Methylic 

hydrate  alcohol. 

4.  By  the  action  of  heat  on  the  nitrite  of  methylaraine : — 

(a.)  Methylamine  is  formed  by  the  action  of  nascent  hydrogen  on 
hydrocyanic  acid  ;  thus  : — 

HCN  +        2H2        =  CH3.H2N. 

Hydrocyanic  acid       +       Eydrogen       =  Methylamine. 

(/3.)  By  boiling  the  solution  of  nitrite  of  methylamine,  nitrogen, 
water,  and  methylic  alcohol  are  formed ;  thus — 

CH3.H3N(N02)     =      N2      +    H2O    +  CH3(0H). 
Nitrite  of  methylamine    =    Nitrogen    +    Water    +    Methylic  alcohol. 

5.  Commercial  process.  Prepared  from  the  watery  liquid,  or  crude 
wood  vinegar  as  it  is  called,  produced  by  the  destructive  distillation  of 
wood  (page  597). 

This  watery  liquid  is  first  of  all  distilled,  the  portion  passing 
over  at  a  temperature  below  212°  F.  (100°  C.)  being  collected  sepa- 
rately. This  contains  methylic  alcohol,  acetone,  acetate  of  methyl, 
and  certain  oily  substances  to  which  its  odor  is  largely  due.  To  this 
distillate  slaked  lime  is  added,  and  the  clear  liquor  (that  is,  the  liquid 
drawn  from  the  centre,  by  which  means  the  lime  which  sinks  and  the 
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oil  that  floats  are  avoided)  is  several  times  redistilled.  This  distillate 
is  now  saturated  with  calcic  chloride,  whereby  a  crystalline  compound 
(CaClo,4CH.tO),  containing  four  molecules  of  methylic  alcohol  and  one 
molecule  of  calcic  chloride,  is  formed.  This  solid  residue  is  now  heated 
below  212°  r.  (100°  C.)  (beyond  which  temperature  it  would  be  de- 
composed), to  drive  off  any  acetone  or  methylic  acetate  present. 
Water  is  now  added  to  the  dried  residue  to  decompose  it,  and  the 
alcohol  distilled  off.  Finally  the  methylic  alcohol  is  purified  by 
rectification,  and  rendered  anhydrous  by  distillation  after  digestion 
with  powdered  quiclilime. 

The  purest  methylic  alcohol  is  prepared  by  the  action  of  water  on 
methylic  oxalate. 

Properties.— (a.)  Physical.  When  pure,  methylic  alcohol  is  a  thin 
colorless  liquid,  having  a  taste  and  odor  very  like  ethylic  alcohol  The 
crude  alcohol  has  an  offensive  odor  and  a  burning  taste.  Specific 
gravity  0-798  at  20°  C.  Boiling  point  151-7°  F.  (66-5°  C).  It  mixes 
with  water  (condensation  resulting)  in  all  proportions,  and  it  is  (like 
ethylic  alcohol)  a  solvent  of  resins,  volatile  oils,  etc. 

(/3.)  Chemical.  It  unites  loith  certain  salts  in  the  capacity  of  water  of 
crystallization  {e.g.  CaCI2.2CH3.OH).  It  unites  with  the  alkaline  metals, 
forming  methylates,  hydrogen  being  evolved  (2CH3.OH  +  Kg  = 
2CH0.OK  +  Ho).  It  also  dissolves  caustic  soda,  potash,  baryta,  etc. 
(BaO,2CH40).  Distilled  with  chloride  of  lime  and  water  it  forms 
chloroform  {see  Chloroform).  By  oxidation,  as  by  exposure  to  air  on 
platinum  black,  it  yields  formic  acid  (CH3(H0)  +  02=  H^O  + 
CH0O2). 

It  burns  with  a  pale-colored  flame,  which  deposits  no  soot. 

Uses. — In  the  arts  it  is  employed  as  a  solvent  of  resins  for  varnishes, 
;  in  the  preparation  of  aniline  colours,  and  for  burning  in  lamps  as 
I  a  heating  power  only,  for  mixing  with  pure  alcohol  to  form  methy- 
lated spirit  (=  ethylic  alcohol  90  parts — methylic  alcohol  10  parts. 
'  Specific  gravity  0-83),  etc. 

(2.)  Ethylic  Alcohol  (C2H5(OH)  or  Et  (OH).    \_Molecular  weight, 


H6.  Molecular  volume  \  |  |.  ^/^ecj^c  (7mu%,  0-7938  at  15°  C.  Boiling 
I  point,  173°  F.  (78-4°  C.).] 

Synonyms. — Alcohol ;  Vinic  alcohol ;  Spirits  oj  wine ;  Methyl  carhinol, 
( 0H3(CH20H)  ;  Hydroxyl  ethene. 

Preparation.— {I.)  From  the  olefine  ethylene,  C2H4  {see  General 
!  Methods,  2). 

[Note.  Ethylene  may  be  prepared  by  the  direct  union  of  carbon 
I  and  hydrogen.] 

(2.)  By  the  fermentation  of  grape  sugar. 

Properties. — A  colorless  liquid  having  an  agreeable  taste  and  odor. 
I  It  burns  with  a  non-luminous  smokeless  flame,  requiring  three  times 
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its  own  volume  of  oxygen  for  complete  combustion.  When  imper- 
fectly burnt,  an  acrid  volatile  compound  is  formed.  Anhydrous 
alcohol  boils  at  173°  F.  (78-3°  C.)  at  standard  pressure.  By  dilution 
the  boiling  point  becomes  gradually  higher. 

Action  of  Water  on  Alcohol. — Alcohol  is  very  hygroscopic  and  mixes 
vfith  water  in  all  proportions,  heat  and  contraction  of  volume  result- 
ing from  their  admixture. 

To  determine  the  amount  of  alcohol  present  in  any  mixture,  a  given 
quantity  must  be  distilled  until  all  the  alcohol  has  passed  over.  The 
distillate  is  then  to  be  weighed,  and  its  specific  gravity  taken,  the 
percentage  of  alcohol  being  determined  by  table  (Table  VII.). 

Proof  spirit  (that  is  the  weakest  spirit  that  will  fire  gunpowder 
when  moistened  with  it  and  ignited),  has  a  gravity  of  0*92  and  con- 
tains in  every  100  parts  by  Aveight — 

Water    50-76 

Alcohol    49-24. 

A  weaker  spirit  does  not  fire  gunpowder,  and  is  termed  "under 
j^roof"  a  stronger  spirit  being  spoken  of  as  "over  proof." 

By  distillation  a  weak  spirit  may  be  made  to  yield  a  90  per  cent, 
alcohol  (that  is,  a  spirit  containing  90  per  cent,  of  alcohol),  but  dis- 
tillation will  not  effect  the  separation  of  the  last  10  per  cent,  of  water. 
A  further  separation  of  5  per  cent,  of  water  (that  is,  the  formation  of 
a  95  per  cent,  alcohol)  may  be  effected  by  enclosing  the  alcohol  in  a 
bladder,  through  which  the  water  exudes  more  rapidly  than  the 
alcohol.  An  alcohol  of  89  per  cent,  may  be  obtained  by  dissolving 
dry  potassic  carbonate  in  the  alcohol  to  saturation.  The  solution 
separates  into  two  layers,  the  upper  consisting  of  spirit  of  89  per  cent., 
and  the  lower  of  water,  containing  potassic  carbonate  in  solution. 
Absolute  alcohol  (100  per  cent.)  is  prepared  by  digesting  the  alcohol 
with  quicklime  for  three  or  four  days,  and  distilling.  It  is  very 
hygroscopic. 

Commercial  rectified  spirit  coutains  13  or  14  per  cent  of  water.    Sp.  gr.  0-835. 

proof  „  49-5  „  „         Sp.  gr.  0-9198. 

Alcohol  dissolves  numerous  salts,  but  no  salts  are  soluble  in  alcohol 
that  are  insoluble  in  water.  It  dissolves  most  deliquescent  salts,  and 
but  few  efflorescent  salts.  With  some  it  forms  definite  crystalline 
compounds,  called  alcoholates,  i.e.,  salts  containing  alcohol  in  the 
place  of  water  of  crystallization,  as,  e.g.,  ZnCl2,2C2H60,  etc.  These 
oodies  are  decomposed  by  water.  It  also  dissolves  the  alkaline  metals, 
hydrogen  being  evolved,  forming  C2H5KO  and  CsHgNaO  ;  also  the 
elementary  gases  0,  H,  and  N  ;  also  the  gaseous  hydrocarbons  ;  also 
certain  organic  bodies,  such  as  the  alkaloids,  resins,  essential  oils, 

When  the  vapor  of  alcohol  is  passed  through  a  red-hot  tube,  it  yields 
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marsh  gas,  carbonic  oxide  and  hydrogen  (C5H60  =  CH^  +  H2  +  CO), 
other  bodies,  snch  as  CaHg.  CgHg,  etc.,  being  also  formed. 

Actio7i  of  Chlorine.—'Qj  the  action  of  chlorine  on  absolute  alcohol,  con- 
tinued until  hydrochloric  acid  ceases  to  be  evolved,  ethylic  acetate 
and  chloral  hydrate  (trichloraldeliyde)  are  formed  :  — 

2C„H5.0H  +    4C1„  =  CCl,.CH(OEI)o  +  C0H5CI  +  4HC1. 

Ethylic     +  Chlor.ne  =      Chloral  h\  drate      +    Ethylic    +  Hydrochloric 
alcohol  '  ihloride  acid. 

By  the  action  of  chionne  ou  dilute  alcohol,  aldehyde  is  formed  but  no 
chloral. 

By  the  action  of  chlorine  on  alcohol  in  the  presence  of  alkalies  (or  by 
the  action  on  the  alcohol  of  chloride  of  lime),  chloroform  and  carbonic 
anhydride  are  formed.    Thus  : — 

C2H5(OH)+    oClo   +  HoO  =    COo   +      7HC1     +  CHCI3. 
Etliylic    +  Chlorine  +  Water  =  Carbonic  +  Hydrochloric  +  Chloroform, 
alcohol  anhydride  acid 

Numerous  intermediate  products  may  also  be  formed. 

By  oxidation  alcohol  (CgHgO)  is  converted  into  aldehyde  (CgH^O), 
and  finally,  into  acetic  acid  (C2H4O2). 

Sulphuric  acjcZ  combines  with  dilute  alcohol  to  form  ethyl-sulphuric 
acid  (C2H5)HS04.  When  sulphuric  anhydride  acts  on  anhydrous 
alcohol,  a  white  substance  called  ethionic  oxide  is  formed  (C2H4S2O6), 
which,  when  dissolved  in  water,  forms  ethionic  acid  (C2HgS207). 

When  alcohol  is  allowed  to  act  on  fused  potassic  hydrate,  hydrogen 
is  evolved  and  potassic  acetate  is  formed.    Thus  :  — 

KHO        +      C2H5(OH)     =     KC2H3O2      +  2H2. 
Potassic  hydrate    +  A  cohol  =    Potassic  acetate    +  Hydrogen. 

(3.)  Propylic  Alcohol,  C3H7(OH). — This  alcohol  exists  in  two 
isomeric  modifications,  viz.,  a  normal  primary  propylic  alcohol,  termed 
ethyl  carhinnl,  and  a  secondary  isopropylic  alcohol,  called  dimethyl  carbinol. 
These  may  be  figured  as  follows  : — 

(a.)  ^'orInal  propylic  alcohol  (/3.)  Isopropj lie  alcohol 

(primary).  (secondary). 

^CsHfi.CHs.OH  =CH(CH3)20H 


H  H 

C2H5— C— OH  CH,— C— OH 

I  '  I 

H  CH3 

(a.)  Normal  propylic  alcohol,  or  ethyl  carbinol  may  be  prepared  from 
ethyl  alcohol  {see  General  Mc'thod.s,  4,  page  561). 

Properties. — An  oily  liquid,  yielding  propionic  acid  by  oxidation. 
(/3.)  hopropylic   alcohol,  or   dimetliyl  carbinol  may    be  prepared 
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from  acetone  (CH3)2CO"  by  the  action  upon  it  of  nascent  hydrogen 
Thus:— 

(CH3)2C0   +         He  CH(CH3)2(OH). 
Acetone       +       Hydrogen       =       Isopropylic  alcohol. 

Properties. — A  colorless  liquid;  sp.  gr,  0-791°  F.  at  15°  C.  Boils 
at  185°F.  (85°  C).  It  does  not  freeze  at— 4:°F.  (— 20°C.).  It  has 
no  action  on  a  polarized  ray  of  light.  It  forms  hydrates  of  remarkable 
stability.  It  yields,  by  oxidation,  first  (a),  acetone  ;  and  finally  (/3), 
acetic  acid. 

(a.)  CH(CH.,)2(0H)     +        0       =  COCCHa).  +  H„0. 

Isopropylic  alcohol       +      Oxygen      =       Acetone       +  Water. 

(/3.)  CO(CH3)2  +     2O2     =  CH3CO2H  -h     CO2     +  H2O. 

Acetone     +    Oxygen    =        Acetic        +    Carbonic    +  "Water. 

acid  anh)  dride 

(4.)  Butylic  Alcohol,  C.i.Hg(OH). — There  are  four  isomeric  modi- 
fications of  this  alcohol.    Thus  — 

(a.)  CH3.CIl2.CHo.CH2(OH),  pro2'>t/l  carbinol,  or  normal  jirimary 
butylic  alcohol,  maybe  prepared  from  butylic  aldehyde  by  the  action  of 
nascent  hydrogen.    It  boils  at  240-8°  F.  (116°  C)- 

On  oxidation  it  yields  normal  butyric  acid — 

C4Hy(0II)    +02=     C3H7CO(OH)    +  H2O. 
Butylic  alcohol    4-    Oxygen    =    Normal  butyric  acid    +  "Water. 

(y8.)    CH(CH3)2CH2(OH),  isopropyl  carbinol,  or  iso-primary  butylic  ' 
alcohol,  is  found  in  the  fusel  oil  formed  when  beet  sugar  molasses  is 
fermented.    It  boils  at  228-2°  F.  (109°  C). 

On  oxidation  it  yields  iso-butyric  acid — 

C4Hy(0H)      +02=  CH(GH3)2CO(OH). 

Butylic  alcohol       +       Oxygen       =        Isobutyric  acid. 

(y.)  C(CH3)(C2H5)II(OH).  Methyl  ethyl  carbinol,  or  secondary 
bu'ylic  alcohol,  is  prepared  by  the  action  of  moist  argentic  oxide  on 
raethyl-ethyl-iodo-methaue,  formed  by  distilling  erythrite  (C4H6(OH)4), 
a  saccharine  substance,  with  fuming  hydriodic  acid.    Thus — 

C(CH3)(C2H5)HI  +  .  AgHO    =    Agl  +C(CH3)(C2H5)H(OH). 
Methyl-ethjl-iodo-     +     Argentic     =  Argentic  +       Secondary  butylic 
methane  hydrate  iodide  alcohul. 

It  is  a  colorless  oily  liquid,  having  a  sp.  gr.  of  0'85°  at  32°  F. 
(0°C.). 

On  oxidation  it  yields,  first,  methylethi/lketone,  and  finally,  acetic  acid. 

(^.)  C{CVL^:fi'H..  —  Trimethylcarbinol,  or  tertiarxj  butylic  alcohol,  is  pre- 
pared by  the  action  of  water  on  the  product  formed  by  the  action  of 
acetic  chloride  on  zinc  methide.    It  boils  at  180-5°  F.  (82-5°  C). 

On  oxidation  it  yields  isobutyric,  acetic  and  formic  acids  ;  also  acetone, 
isobutylene,  carbonic  anhydride,  and  water. 
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(5.)  Amylic  Alcohol  (C5Hii(0H)).— There  may  be  as  many  as 
>eight  isomeric  modifications  of  this  alcohol,  five  of  which  are  known. 

The  ordinary  amylic  alcohol,  or  iso-amylic  alcohol  (isobutyl  carbi- 
ftnol),  is  the  fusel  oil  of  the  distiller.  It  is  said  to  be  a  mixture  of 
[  two  different  alcohols,  one  rotating  a  ray  of  polarized  light  to  the  left, 
kand  boiling  at  262*4°  F.  (128°C.),  the  other  without  polar  action,  and 
>boiliug  at  266°  F.  (130°  C).  Amylic  alcohol  is  an  oily  liquid,  having 
la  sp.  gr.  0"8111.  It  imparts  a  transient  greasy  stain  to  paper. 
.    On  oxidation  both  the  varieties  named  above,  yield  valeric  acid  : — 

C4H9(CH2)OH    +02=  C4Hy.C0(0H)  +  HgO. 
Amylic  alcohol       +       Oxygen       =       Valeric  acid       +  Water. 

VinyUc  Series. 

Series  II. — Formula  CnHjn-iOH. 

The  relationship  between  the  vinylic  series  and  the  defines,  is 
ddentical  to  that  subsisting  between  the  ethylic  series  of  alcohols  and 
Jthe  parafiins.    Thus  : — 

(a.)  Paraffin  ;  Methane  CH^  and  CH3(0II),  methylic  alcohoL 
(/3.)  Olefine  ;  Ethylene  C2H4  and  C2H3(OH),  vinylic  alcoJiol. 

This  series  includes — 


CA(OH) 

CsH,(OH) 

(1.)  Vinylic  Alcohol  (C2H3{OH) ).  It  is  prepared  (a)  by  first  com- 
I'bining  acetylene  with  sulphuric  acid,  and  (/3)  afterwards  distilling  the 
uproduct  with  water  : — 

(a.)  C2H2  +  H2SO4  =  (C2H3)HS04. 

Acetylene       +       Sulphuric  acid       =       Sulphovinylic  acid. 
(/3.)  (C2H3)HS04  +    H2O   =     II2SO4       +  02H3(OH). 

'        Sulpho'vinylic  acid    +    Water    =    Sulphuric  acid    +    Vinylic  alcohol. 
1     It  is  a  pungent  liquid,  isomeric  with  aldehyde  and  ethylenic  oxide. 

J     (2.)  AUylic  Alcohol  (CjHsCOH)).  [Specijic  gravity  at  32°  F.  (0°  C.) 
•0-87O9.    Boiling  point,  204-8°  F.  (96°  C.).] 

Preparation. — It  may  be  formed  from  glycerin,  as  follows  : — 
(I.)  (a.)  AUylic  iodide  (C3H5I)  is  first  formed  by  the  action  of  phos- 
Jphorus  iodide  on  glycerin — 

2(03115(011)3)4-       P2I4      =  2C3H5I  +    2H3PO3     +  I2. 
Glycerine     -f-    Phosphorus    =    AUylic    +    Phosphorous    +  Iodine, 
iodide  iodide  acid 

(/3.)  AUylic  oxalate  is  then  formed  by  the  action  of  argentic  oxalate 
ton  allylic  iodide — 
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2C3H5T     +      Ag^C^O,      =       2AgI        +  (C3H5)A04. 
AUylic  iodide    +    A-gentic  oxa'ate    =    Argentic  iodide    +    All_\  lie  oxalate. 

(y.)  AUylic  alcohol  (  +  oxamide)  is  then  formed  by  tlie  action  of 
ammonia  on  the  ally  lie  oxalate  — 

{C.UskC.O,    +      2NH3     =  2(C3H5(OH))  +  ^,{CM"U,. 

AUylic  oxalate     +      Ammonia      =    AUylic  alcohol     +  Oxamide. 

(2.)  By  the  action  of  heat  on  a  mixture  of  glycerin  and  oxalic 
acid : — 

C3H5(OH)3+   C0H2O4  =    2H2O    +      2C0„     +  C3H5(OH). 

Glycerine     +      Oxnic      —      Water     +      Carbonic      +  Allyilc 
acid  anhydride  alcohol. 

P/-o;)er<2es.— A  colorless  liquid.    Sp.gr.  0-8709.    Boils  at  204-8°  F. 
(96°  C).    It  is  combustible  and  soluble  in  water  in  all  proportions. 
Its  reactions  resemble  those  of  ethylic  alcohol. 

With  the  haloids  it  forms  both  derivatives,  such  as  CsHsBr,  etc.,  and 
compounds  such  as  C3H5Cl2(OH).  With  sulphuric  acid  it  forms  allylic 
sulphuric  acid,  (C3H5)HS04.  With  the  alkaline  metals  it  forms  sub- 
stitution products.  Nascent  hydrogen  has  no  action  upon  it.  By  oxida- 
tion it  yields  acrolein,  formic  acid  and  carbonic  anhydride. 

The  allylic  sulphide  constitutes  the  oil  of  garlic  [(C3Hg)2S],  and  is 
formed  by  acting  on  allylic  iodide  with  potassic  sulphide  (a).  Oil  of 
mustard  contains  allylic  sulphocyanate,  and  is  formed  artificially  by  the 
action  of  potassic  sulphocyanate  on  allylic  iodide  (^). 

(a.)  2C3H5r    +       KoS       =       2KI       +  (C3H5)2S. 

AUylic       +       Poiassii!       =       Potassic       +       Allylic  sulphide 
iodide  sulp'ide  iodide  (garlic  oil). 

(/3.)  C3H5I     +      KNCS     =       KI        +  (C3H5)(NCSj. 

Allelic       +  rotas^iu  suli/ho  =       Potassic       +    A'lylic  sulphocyanate 
iodide  cyan  ate  iodide  (mustard  oil). 

Series  111.— Formula  CuMga-sCOH). 
This  includes — 

PropargyUc  Alcohol  (C3H3(OH)).  ^Specific  gravity,  0-9628  at  68°F. 
(20°  C).    Boils  at  239°  F.  (115°  C.).] 

Preparation. — By  the  action  of  potassic  hydrate  on  mono-bromallyhc 
alcohol — 

C3H4Br(OH)    +    KHO    =  C3H3(OH)  +    KBr     +  B„0. 
Monobromallylic    +    Potassic    =    PropargyUc    +    Potassic    +  Water, 
alcohol  hydrate  alcohol  bromide 

Properties. — A  colorless  mobile  liquid. 

Benzylic  Series— The  Phenols. 

Series  V. — Formula  CnH2n_7(OH). 
These  alcohols  may  be  divided  into  two  classes : — 
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.  Benzylic  Series  (normal  ulcoliols). 

Boiling  point. 

Melts  at 

Alcohols. 

Fonnula3. 

Specific 
Gravity. 

°  F. 

°  C. 

o  p 

°C. 

Bfnzylic 

Xylilic  (toluylic)  . 
Cumilic 
Sycocerylic . . 

C,H,(OH) 
C3H,(0H) 
n,„H,3(0H) 

1-051  at  14°  C. 

403  7 
422-6 
469-4 

206-5 
217-0 
243  0 

139-1 
194-0 

59-5 
90-0 

II.  Pheaols. 

Phenvlic 
CrHSTlic 

PhloVol       . .     . . 
Dimethyl  phenylic 

(xylenol)  . . 
Thymylic   . . 

CeH,(OH) 
Cs(CH3)H^(0H) 
C«(C,H,)li,(OH) 
(^6(0H3)2Hs(0H) 

Ce(C,H3),H3(0H) 

1-068 

1-037  at  12°  C. 

356 
383—392 
374—392 

410 

428 

180 
195—200 
190—200 

210 

220 

95-0 
111-2 

35-0 
44-0 

These  alcohols  are  derivatives  of  the  series  of  hydro- 

carbons, by  the  substitution  of  a  semi-molecule  of  hydroxy!  for  one 
atom  of  hydrogen. 

They  form  well-marked  substitution  compounds  when  acted  on  by 
chlorine,  nitric  acid,  etc.,  but  they  never  form  additive  compounds  ;  for 
like  the  hydrocarbons,  from  which  they  are  derived,  they  are  fully 
saturated  bodies. 

The  haloid  acids  are  without  action  on  them,  whilst  with  sulphuric 
acid  they  yield  sulphonic  acids,  which,  by  fusion  with  potassic 
hydrate,  are  convertible  into  dihydric  alcohols. 

It  will  be  noted  that  all  the  series  of  alcohols  preceding  the  phenols 
differ  strikingly  in  these  respects  from  the  phenols,  (a.)  They  neither 
form  substitution  compounds  under  the  same  circumstances,  nor  with 
the  same  ease,  as  the  phenols.  (/3.)  With  the  haloid  acids  the  pre- 
ceding series  form  derivatives,  and  (y)  with  sulphuric  acid,  acid 
ethereal  salts,  which,  when  treated  with  water,  reproduce  sulphuric 
acid  and  the  alcohol. 

Lastly,  the  products  of  the  oxidation  of  the  phenols  and  of  the 
alcohols  of  the  preceding  series,  are  completely  different. 

Preparation. — (1.)  From  the  benzenes  (CnHg^-s).  The  conversion  may 
be  effected  in  one  of  two  ways  : — 

(A.)  By  first  acting  on  the  hydrocarbon  with  sulphuric  acid,  and 
afterwards  fusing  the  potassic  salt  of  the  monosulphonic  acid  formed, 
with  potassic  hydrate. 

(B.)  By  the  action  of  nitrous  acid  on  the  amido-derivative  of  the 
hydrocarbon. 
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Benzylic  Alcohol  (C7H7OII  or  C6H5(CH2)OH).  ^Specific  gravity, 

1-051  at  14°  C.    Boils  at  206-5°  C] 

Preparation. — (1.)  By  the  action  of  alcoliolic  potassic  hydrate  on 
benzoic  aldehyde  (oil  of  bitter  ahnonds) — 

2C6HgCOH    +      KHO     =    C^H^COH)    +  K{C,U,0)0. 
Benzoic         +      Potassic       =        Benzylic        +  Potassic 
aldehyde  hydrate  alcohol  benzoate. 

(2.)  From  toluene.  By  the  action  of  potassic  hydrate  on  tohiylic 
chloride : — 

C7H7CI     +     KHO      =     CyH^COH)      +  KCl. 

Toluylic       +      Potaasic       =  BenzyUc  +  Potassic 

chloride  hydrate  alcohol  chloride. 

(3.)  By  the  action  of  nascent  hydrogen  on  benzoic  or  hippuric  acids. 

Properties. — A  colorless,  oily,  highly  refracting  liquid,  insoluble  in 
water,  but  soluble  in  all  proportions  in  alcohol,  ethei-,  acetic  acid,  and 
carbon  disulphide.  With  hijdrocMoric  acid  it  forms  benzylic  chloride, 
CfiHj.CHa.Cl.  With  strong  sulphuric  acid  it  forms  a  resinous  body. 
Distilled  with  sulphuric  and  acetic  acids,  it  forms  benzyl  acetate 
(C7H7(OC2H30)).  By  oxidation  with  dilute  nitric  acid  it  forms  ben- 
zoic aldehyde  (CeHsCOH),  and  with  chromic  acid  benzoic  acid, 
(C6H5CO2H). 

Phenylic  Alcohol  (C6H5(OH)). — \^Molecular  iveight,  94.  Molecular 
volume  I  ~\.  Specific  gravity,  1-065  at  64-4°  F.  (18°  C).  Fuses  at 
93-2°  F.  (34°  C).  Boils  at  370-4°  F.  (188°  C).  100  c.i.  of  vapor  weigh 
32-945  grms.,  and  1  litre  4-211  grms.] 

Synonyms. — Carbolic  acid ;  Phenylic  acid ;  Phenio  acid;  Oxy-benzene ; 
Phenol ;  Coal-tar  Kreasote. 

Natural  History. — It  is  found  in  the  urine  of  cows  and  other 
animals. 

Preparation. — (1.)  By  the  action  of  nitrous  acid  on  amidobenzene 
(aniline).    Thus  : — 

CeHspHo)   +   HNOo  =   C6H5(OH)   +   HgO    +  No. 
Aniline         +    Nitrous    =       Phenylic       +    Water    +  Nitrogen, 
acid  alcohol 

(2.)  By  distilling  salicylic  acid  either  alone  or  mixed  with  lime,  etc. 

C^HgOa       =        C6H5(OH)        +  COo. 
Salicylic  acid       =       Phenylic  alcohol       +       Carbonic  anhydride. 

(3.)  {Commercial  preparation.)  The  dead  oil  of  coal-tar  is  first  dis- 
tilled, that  portion  which  passes  over  between  300°  and  400°  F.  (149" 
and  205°  C.)  being  collected  separately.  This  is  shaken  up  with  a  hot 
concentrated  solution  of  sodic  hydrate,  which  dissolves  the  carbolic 
acid,  and  enables  it  to  be  separated  from  the  oil  that  floats  on  the 
surface.  The  alkaline  solution  is  then  decomposed  with  hydrochloric 
acid,  when  the  carbolic  acid  separates  as  an  oily  layer  on  the  surface. 
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This  is  drawn  off,  digested  with  calcic  cliloride  to  remove  the  water, 
and  distilled.  By  exposing  the  distilled  acid  to  a  low  temperature  it 
solidifies.    The  crystals  are  collected,  drained,  and  again  distilled. 

Sometimes  the  dead  oil  (without  distillation)  is  treated  with  a  mix- 
lure  of  slaked  lime  and  water,  and  the  solution  Avhich  contains  the 
earholic  acid,  drawn  off  from  the  oil  which  swims  on  the  surface. 

Tests  for  the  piLrity  of  carbolic  acid — 

(1.)  Shake  up  half  a  dram  of  the  acid  with  half  a  pint  of  warm 
water.  The  acid  is  perfectly  soluble  in  the  water,  whilst  any  dead  oil 
present  as  an  impurity  in  the  acid  will  float  on  the  surface. 

(2.)  Five  parts  of  pure  carbolic  acid  are  soluble  in  a  mixture  of 
one  part  of  caustic  soda  and  teu  parts  of  water. 

(3.)  Expose  a  mixture  of  carbolic  acid  (3  parts  by  weight)  and 
water  (1  part)  to  the  cold  of  ice,  when  crystals  are  deposited  having 
the  formula  2C6HgO.H20  solul)le  iu  alcohol,  in  ether,  and  in  water. 
The  crystals  melt  at  61°  F.  (161°  C). 

To  distinguish  carbolic  acid  from  hreasote  (the  product  of  wood) — 


Cakbolic  Acid. 

1.  Boils  at  370°  F.  (187-8°  C). 

2.  Does  not  affect  a  polarized  ray. 

3.  Is  solidified  by  cooling. 

4.  Forms  a  jelly  when  shaken  with 

colloflion. 

6.  Is  soluble  in  a  strong  solution  of 
ammonia  or  potassic  hydrate. 

6.  Solubility  in  water;  1  in  20  at  212° 

F. ;  1  in  80  at  60°  F. 

7.  Ferric  chloride  turns  the  aqueous 

solutioQ  blue. 

8.  Ferric  chloride  turns  the  solution  in 

alcohol  brown. 


Kreasote. 

1.  Dries  up  at  212°  F.  (100°  C). 

2.  Eotates  a  polarized  ray  to  the  right. 

3.  Not  solidified  by  ice  and  salt. 

4.  Is  unafPected  by  collodion. 

5.  Is  insoluble  in  ammonia  or  in  potassic 

hydrate  solutions. 

6.  Solubility  in  water;    1   in  130  at 

60°  F. 

7.  Solution  not  colored  blue  by  ferric 

chloride. 

8.  Ferric  chloride  turns  the  solution  in 

alcohol  gretn. 


Properties. — (a.)  Phjsical.    Carbolic  acid  when  pure,  crystallizes  iu 
colorless  needles  which  are  very  deliquescent,  and  melts  at  93-2°  F. 
(34°  C),  forming  an  oily  liquid,  which  boils  at  370  4°  F.  (188°  C).  It 
has  a  specific  gravity  at  18°  C.  of  1-065.    Its  odor  is  peculiar,  and  its 
action  caustic.    It  is  not  easily  decomposed  even  by  a  red  heat.  Dis- 
:  tilled  over  heated  zinc  dust,  it  yields  benzene.    It  is  slightly  soluble 
I  in  water,  but  is  very  soluble  in  alcohol  and  in  ether,  and  is  a  solvent 
'  of  sulphur,  iodine,  etc.    Its  special  action  is  antiseptic. 

In  appearance  it  closely  resembles  kreasote,  from  which  it  may  be 
i  known  by  the  .tests  already  described. 

(/3.)  Chemical.— Its,  solution  is  not  acid  to  litmus.  The  haloid 
<  olemonts  form  with  it  substitution  compounds  (as  C6H3Cl2(OH)  and 

*  CeCl5(0H)  pentachlorophenol).  With  nitric  acid  it  forms  C6H4(N02)OH, 

*  C6H3(N02)20H,  and  finally  the  substitution  product  C6ri2(N02)3(OH), 
(  or  jncric  acid.  All  its  nitro-derivatives  decompose  the  metallic  car- 
1  bonates.  With  sulphunc  acid  it  forms  phenol  disulphonic  acid, 
«  C6H30H(S03H)2.    The  haloid  acids  are  without  action  upon  it.  The 
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alkalies  (but  not  the  alkaline  carbonates)  dissolve  it,  forming  pbenates. 
By  oxidation  with  chromic  acid  it  yields  phenoquiuoue. 

SCCgHsCOH)]  +  O3  +  HoO  =  CeH^CO.OCeHg)^  +  mjd. 
Phenylic  alcohol  Pheno-quinone. 

Cresylic  Alcohol  {Cresol)  C6H4(CH3)OH.— This  occurs  in  three 
modifications,  which  yield  three  isomeric  cresol-sulphonic  acids. 

(a.)  Paracresol  is  a  solid  crystalline  body,  boiling  at  392°  F.  (200° 
C.).  When  fused  with  potassic  hydrate,  paracresol  yields  j^of-^ssic 
paroxybenzoate,  C6H4(OH)C02K. 

(/3.)  Metacresol  is  a  liquid,  and  boils  at  392°  F.  (200°  C.)-  When 
fused  with  potassic  hydrate,  metacresol  yields  potassic  metoxyhenzoate. 

(y.)  Orthocresol  is  a  liquid,  and  boils  at  372-2°  F.  (189°  C).  When 
fused  with  potassic  hydrate,  orthocresol  yields  potassic  salicylate 
(orthoxybenzoate). 

Thymylic  Alcohol  C6(C2H5)oH3(OH).— The  thymols  exist  in  two 
isomeric  forms.  Thymol  (a)  is  found  in  the  oil  of  thyme  and  other 
plants.  It  is  a  crystalline  solid,  melting  at  111-2°  F.  (44°  C  ),  and 
boiling  at  428°  F.  (220°  C).  By  the  action  of  sulphuric  acid  it  is 
completely  converted  into  a  sulpho-acid.  Thymol  {(i)  is  a  yellow  viscid 
oil  which,  by  the  action  of  sulphuric  acid,  is  only  very  partially  con- 
verted into  a  sulpho-acid. 

Series  VT. — Formula  CnH2n_9(OH). 
This  includes — 


Cinnamic  al- 
cohol. 


Cholesterin . , 


C«Hs(OH) 


f^56H«(0H) 


Preparation. — By  heating  styracin  with  potassic  hy- 
drate. With  nascent  hydrogen  it  forms  phenyl- 
piopylic  alcohol  and  allyl  benzene.  By  oxidation 
it  yields  cinnamic  aldehyde.  Melting  point, 
91-4°  F.  ;  33°  C. 

A  crystallii  e  solid,  present  in  different  parts  of  the 
animal.  It  forms,  by  oxidation  with  chromic  acid, 
oxycholic  acid,  CjgH^gOg. 


B  — DIHYDRIC  ALCOHOLS. 

The  Glycols. 

Series  I. — Formula  G^iJS^'H)^. 
This  series  includes — 


Boiling  Point. 

Glycols. 

Formulse. 

°  C. 

Butyiene      , ,   

0,H,(OH), 

C,H,(OH), 
C,H.,(OH), 
CeH,,(OH), 
C,H,e(OH), 

387-5 
370-4— 372-2 
361-4—363-2 

350-6 

404-6 
455—464 

197-5 
188—189 
183—184 

177 

207 
236—240 
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Tho  glycols  (or  diatomic  alcohols)  may  be  regarded  (1)  as  deri- 
•  itives  of  the  paraffins,  where  two  atoms  of  hydrogen  are  replaced  by 
iwo  semi-molecules  of  hydroxyl  (OH).    Thus — 
Ethane  CoHg  forms  CoH4(OH)2,  glycol. 
Propane  CaHg  „     C3Hg(OH)2,  propylene  glycol,  etc. 
I  Or  (2)  they  may  be  regarded  as  compounds  of  the  olefines  with  hydroxyl. 
■  Tbus— 

Ethylene  CoH^    +     (0H)2  forms  C2H4(OH)2,  ethylene  glycol. 
1    Propylene  C3H.Q  +     (OH),    „      C3H.q{OB.)2,  propyle7ie  glycol,  etc. 

.  Preparation. — From  the  olefines.  We  may  illustrate  this  in  the  pre- 
:  paration  of  glycol : — 

(a.)  A  dibromide  (C2H4Br2)  is  first  formed  by  the  action  of  bromine 
I  on  ethylene : — 

(/3.)  A  diacetate  of  the  olefine  is  now  formed,  by  the  action  of  argentic 
cor  potassic  acetate  on  the  dibromide.    Thus: — 

CoH4Br2     +    2AgC2H302    =    2AgBr    +  C2H4(C2H302)2. 
Ethylene  di-     -f        Argentic  =    Argentic      +  Ethylenic 

bromide  acetate  bromide  diacetate. 

(y.)  A  glycol  (  + potassic  acetate)  is  now  formed,  by  treating  the 
t  diacetate  with  potassic  hydrate.    Thus  : — 

C2H4(C2H302)2    +    2KH0    =    2KC2H3O2    +  C2H4(OH)2. 
Ethylenic  +     Potassic     =        Potassic        +  Glycol, 

diacetate  hydrate  acetate 

Properties. — (a.)  Physical.  Ethylene  glycol  (commonly  called  glycol) 
\  is  the  only  member  of  the  series  that  has  been  particularly  studied. 
'  The  glycols  are  colorless  liquids,  without  odor,  freely  soluble  in  water 
I  and  in  alcohol,  and  also  (excepting  ethylene  glycol)  in  ether. 

(/3.)  Chemical.  The  reactions  of  the  glycols  are  similar  to  those 
( of  the  monatomic  alcohols,  excepting  in  this,  that  having  two  semi- 
1  molecules  of  replaceable  hydroxyl,  two  series  of  products  result. 

With  sodium  and  potassium  the  glycols  form  two  substitution  pro- 
(  ducts.    Thus  : — 

C2H,(HO)(NaO);  C2H4(NaO)2. 
Monosodic  glycol ;  Disodic  glycol. 

These  compounds  form  the  alcoholic  ethers  of  the  glycols  when 
t  treated  with  a  monatomic  alcoholic  iodide.    Thus  : — 

C2H,(0H)(0Na)    +    C2H5T    =    Nal    +  C2H4(C2H50)(OH). 

Monosodic          +     Ethylic     =     Sodic     +  Ethylic  ethynate. 

glycol  iodide  iodide 

Oxygen  acids  form  with  the  glycols,  ethereal  salts,  which  are  mono- 
oor  di-acid,  according  to  the  proportions  of  the  reagents  respectively 
n  used.  The  haloid  acids  and  haloid  phosphorus  compounds  form  with 
1  them  mono-  and  di-haloid  derivatives.  Potassic  hydrate,  when  healed 
"With  glycol,  forms  potassic  oxalate  (C2Hi(OH)2-f-2KHO=C20„(OK)i 

X  X 


674 


HANDBOOK  OF  MODERN  CHKMISTRY. 


+  4H2).  By  oxidation  glycol  yields  (a)  first  glycolic  acid  (other  acids, 
varying  with  the  glycol  acted  upon,  being  formed),  and  finally  CjS) 
oxalic  acid. 

(a.)    CoH4(0H)„    +      Oc     =     CH£(OH)CO(OH)    +  OH^. 

Glycol         +    Oxygen    =  Glycollic  acid  +  "Water. 

{(i.)    CHo(OH)COCOH)    +02=    C202(OH)2    +  H2O. 

Glycollic  acid  +    Oxygea    =       Oxalic  acid       +  "Water. 

We  may  here  note  that  the  relationship  between  ethylic  alcohol, 

ethylic  aldehyde,  and  acetic  acid,  finds  its  counterpart  in  that  sub- 
sisting between  glycol,  glyoxal  (glycolic  aldehyde),  and  oxalic  acid. 
Thus  :— 

CH3.CH2(OH),          CH3COH,  CH3.C0(0H); 

Ettylic  alcohol,               Aldehyde,  Acetic  acid ; 

CH2(OH).CH2(OH),       COH.COH,  CO(OH)CO(OH). 

Glycol,  Gljoxal,  Oxalic  acid. 

Between  glycol  and  ethylic  alcohol,  however,  this  point  of  difference 
is  to  be  noted, — that  whereas  ethylic  alcohol  forms  only  one  substitution 
compound  severally  with  sodium,  with  sulphuric  acid,  etc.,  glycol  forms 
two.    Thus : — 

Alcohol  forms —  Glycol  forms — 

C2H5(ONa),  CoH4(0H)(0Na)  and  C2H4(0Na)2, 

C2H5(HS04) ;  C2H4(OH)(HS04)  and  C2H4(HS04),. 

By  heating  glycol  with  ethylenic  oxide  in  sealed  tubes,  a  series  of 
compounds,  called  polyethylenic  glycols  (or  alcohols),  are  formed.  They 
are  the  result  of  progressive  condensation  (although  normal  condensa- 
tion to  two  volumes)  with  elimination  of  the  elements  of  water.  They 
are  syrupy  liquids.  Diethylenic  glycol  boils  at  473°  F.  (245°  C), 
each  succeeding  term  of  the  series  boiling  at  about  81  degrees 
Fahrenheit  (45°  C.)  higher  than  the  one  below  it.  The  following 
compounds  are  known  : — 


Alcohols. 

Formulas. 

Tetrethylenic  glycol 
Pentethylenic  glycol 
Hexethylenic  glycol 

C,H,o03  =  2C,H,(0H),  -  H  O 
CgH^.O,  =  3C,H,(0H),  -  2H,0 
G,R,fi,  =  4C2H,(0H),  -  3H,0 
cllilA=  5C,H,(0H),  -  4H,0 
C  H 6C,H,(0H),  -  5H,0 

Orcins— Aromatic  Glycols— Saligenin  Series. 

Series  II. — Formula  CnH2n-8(OH)2. 
This  series,  the  members  of  which  are  derivatives  of  benzene, 
include — 
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Alcohols. 


[ydroquinone. 


.ciorcm  . . 


Vyrocateehm 
(oxyphenol) 


rtrcin 


Balicylic  alcohol 
(saligeDia) 


Formulae. 


C6H,(0H), 


C6H,(0H), 


C,H,(OH), 


C6H3,CH3(()H), 


C6H,(OH)CH2(OH) 


Melting  Pt. 


op.     °  C 


351-6 


210-2 


232-7 


186-8 


179-6 


177-5 


99-0 


111-5 


86-0 


82-0 


Preparation,  Properties,  etc. 


Freparation. — By  the  dry  distillation 
of  qiiinic  acid.  By  oxidation  forms 
quinone. 

Preparation. — By  fusing  the  resin  of 
galbanum  or  benzene  disulphonic  acid 
with  potassic  hydrate.  Soluble  in 
water,  alcohol,  and  ethirr.  Aqueous 
solutions  give  a  violet  with  PojClg, 
and  reduce  AgNOg.  Forms  substi- 
tution compounds. 

Preparation. — By  the  distillation  of 
catechin,  etc.,  and  by  the  action  of 
alkalies  on  meta-iodophenol.  "With 
FcjClg  gives  a  dark  green  color,  and 
with  plumbic  acetate  a  white  pre- 
cipitate. 

Found  in  the  lichens  used  in  the  prepa- 
ration of  cudbear,  litmus,  etc.  May 
be  formed  artificially.  By  the  action 
of  ammonia  and  free  oxygen, 
forms  orcein  (C^H^NOj  ?),  the  color- 
ing matter  of  archil  and  cudbear. 
Forms  numerous  substitution  pro- 
ducts with  the  haloids  and  with 
nitric  acid. 

Preparation. — By  the  decomposition  of 
salicin  under  the  influence  of  a  fer- 
ment (as  synaptase),  or  of  dilute  sul- 
phuric acid.  By  oxidation  yields 
salicylic  aldehyde,  Q^^^{0'3.)G0'3.. 
With  ferric  salts,  its  aqueous  solu- 
tion gives  an  indigo  blue  coloration. 


C— TRIHYDRIC  ALCOHOLS. 

Trihydric  alcohols  are  derived  from  saturated  liydrocarbons  by  the 
substitution  of  three  atoms  of  hydroxyl  for  three  atoms  of  hydrogen. 
They  are,  therefore,  cciupounds  of  trivalent  alcohol  radicals  with  three 
atoms  of  hydroxyl. 

Glycerin  Series. — Series  I. — Fomula  CnH2n_i(OH)3. 

This  includes — 

Glycerin    C3H5(OH)3  [derived  from  CgHg]. 

Amylglycerin       ...    C4H7(OH)3  [derived  from  C^H^o]- 

Glycerin.— (C3Hg(OH)3  =  C(CH2.0H)oH.0H.)     \_Specific  gravity 
at  60°  F.  (15-0°  C),  1-27.    Boils  at  355-1°  F.  (179-5°  C.)]. 
Synonym. — Propenyl  alcohol  {glycerol). 

Natural  History. — Glycerin  occurs  in  most  animal  and  vegetable  fats 
in  combination  with  (that  is,  as  glycerides  or  ethereal  salts  of)  the 
acids  of  the  acetic  and  oleic  series.    Olive  oil,  for  example,  contains 
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olein,  or  a  gltjceride  of  oleic  acid;  suet  contains  alearin,  or  a  glyceride 
of  stearic  acid  ;  palm  oil  contains  ■palmitin,  or  a  glyceride  of  palmitic 
acid.  Glycerin  is  usually  prepared  from  these  bodies  as  a  bye-product 
during  the  manufacture  of  soap  and  candles. 

Preparation.  —  (1.)    By  the  action  of  superheated  steam  on  fats  : — 

CsHsCCisHagOo),    +    3H2O    =    C3H5(OH)3    +  SCibHssO^. 
Stearin  +     Water      =        Glycerin         +      Stearic  acid. 

Thus,  glycerin  may  be  prepared  by  merely  distilling  fat  with  super- 
heated steam  (see  Saponification  by  steam),  when  decomposition  occurs, 
the  distillate,  on  standing,  separating  into  two  parts,  the  glycerine  and 
the  fatty  acids,  the  fatty  acids  floating  on  the  surface  of  the  glycerin. 

(2.)  By  the  action  of  alkalies  on  fats  {saponification).  {See  Soaps, 
Candles,  etc.) 

031-15(0181-13502)3  +  3NaH0  =  03H5(OH)3  +  SNaC.sHaaOo. 
Stearin  +   Sodic  by-  =      Glycerin       +    Sodic  stearate. 

drate 

The  glycerin  solution,  or  ^^speiit  lye""  as  it  is  called  (the  stearate  having 
been  first  rendered  insoluble  by  the  addition  of  sodic  chloride),  is  drawn 
off,  and  distilled  in  a  current  of  superheated  steam.  The  water  is 
removed  from  the  distillate  by  evaporation. 

Glycerin  is  formed  in  small  quantity  during  the  fermentation  of 
sugar  (p.  579). 

(3.)  Glycerin  may  be  prepared  synthetically,  by  digesting  trichlor- 
hydrine  (O3H5OI3)  (a  compound  formed  by  heating  together^propylene 
and  iodine  chlorides)  with  water  in  closed  tubes  at  338°  F.  (170°  0.)  :— 

C3H5OI3      +      3H2O     =     C3H5(OH)3      +  3H01. 
TricMorhydrine    +       Water       =  Glycerin  +Hydiochlor.c  acid. 

Properties.— {a.)  Physical.  A  viscid  liquid  without  color  or  smell. 
It  has  a  sweet  taste.  Specific  gravity  1-27.  When  pure  and  anhy- 
drous, it  crystallizes  at  a  low  temperature,  the  crystals  melting  at 

60°  F.  . 

Action  of  heat.— At  ordinary  pressure,  glycerin  cannot  be  distilled 
without  undergoing  decomposition,  when  it  changes  to  a  dark  color, 
and  evolves  (amongst  other  products)  acrolein  (C3H4O).  When,  how- 
ever, it  is  distilled,  either  in  vacuo  at  410°  F.  (210°  0.),  or  in  an 
atmosphere  of  steam,  it  passes  over  undecomposed.  It  is  soluble  in 
water  and  in  alcohol,  but  is  insoluble  in  ether. 

{fi.)  Chemical.— It  has  no  reaction  upon  red  or  blue  litmus,  or 
other  vegetable  coloring  matters.  A  solution  of  glycerin  with  yeast 
does  not  undergo  vinous  fermentation,  but  is  gradually  converted 
into  propionic  acid  (C3H8O3  =  G,U,0,  +  ILO).  By  the  action  of 
dehydrating  agents,  it  forms  acrolein  (OsHsOg  =  2H2O  +  C3H4O) . 
combines  with  sulphuric  acid  to  form  sxdpho-glyceric  acid  (CsHeOa^SOs). 
which  acid  forma  soluble  salts  with  lime  and  baryta.    With  a  mixture 
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of  strong  nitric  and  siilplmric  acids  it  forms  nitroglycerin,  or  glonoin 
{NobeVs  blasting  oil),  (C3H5(OH)3  +  3HNO3  =  3H20  +  C3H5(NO„)303, 
an  oily  and  highly  explosive  liquid  {Specific  gravity  1-6).  The  mon- 
hydric  organic  acids,  such  as  glacial  acetic  acid,  when  heated  with  it 
in  closed  tubes,  form  glycerides  or  glyceric  ethers,  as  mon-,  di-,  or 
tri-acetin,  as,  e.g.,  monacetin,  C3Hg(OH)2(CoH302) ;  in  other  words, 
compound  ethers  are  formed  where  one,  two,  or  three  hydrogen  atoms 
of  the  glycerin  are  replaced  by  an  equivalent  quantity  of  an  acid 
radical.  Hydrochloric  and  hydrobromic  acids  or  the  compounds  of  phos- 
phorus with  chlorine  or  bromine,  form  substitution  compounds  with 
glycerine,  called  mono-,  di-,  or  tri-chlorhydrins  or  bromhydrins,  where 
the  group  OH  is  replaced  by  chlorine  or  bromine  ;  as  e.g.,  Mono- 
chlorhydrine,  C3H5C1(0H)2,  etc. 

[Monochlorhydrine  by  the  action  of  nascent  hydrogen  forms  propylic 
glycol,  C3H6(OH)2.] 

Hydriodic  acid,  when  heated  with  glycerine  to  100°  C,  produces  an 
ether,  which  may  be  regarded  as  a  double  glycerin  molecule,  where 
four  equivalents  of  (HO)  are  replaced  by  O2,  and  a  fifth  by  iodine 
(CgHj^Q02(H0)I),  but  when  heated  to  a  higher  temperature  isopropylic 
iodide  and  allylic  iodide  are  formed.  Phosphorus  iodide  forms  with 
glycerin,  isopropylic  iodide  (C3H7I)  'and  allylic  iodide  (CsHgl).  By 
slow  oxidation  with  nitric  acid,  glycerin  forms  glyceric  acid  (C3H8O3 
-f  02=C3H604-(-H20),  and  by  further  action  oxalic  acid  (C2H2O4), 
which  containing  as  it  does  fewer  carbon  atoms  than  glyceric  acid, 
must  be  regarded  as  the  result  of  its  decomposition. 

Pyrogallic  Series. 

Series  II. — Formula  CnH2i,_9(OH)3. 

These  alcohols,  like  the  phenyls  and  orcins,  are  direct  derivatives  of 
benzene. 

This  series  includes  : — 


Formulae. 

Melting  Point. 

°  C. 

Pyrogallol   

C,H3(OH)3 

239 

115 

Phloroglucin  {phlorojlucoVj 

C„E3(OH)3 

248 

120 

Pyrogallol  (C6H3(OH)3)  {Pyrogallic  acid).  Melts  at  239°  F. 
(115°  C).    Boils  at  410° F.  (210°  C). 

Preparation.— {\ .)  By  the  action  of  heat  on  gallic  acid  : — 

C6n2(OH)3C02H     =     CbH3(OH)3      +  CO2. 

Gallic  acid  =       Pyrogallic  acid       -j-       Carbonic  anhydride. 


678 


HANDBOOK  OF  MODERN  CHEMISTRY. 


(2.)  It  may  be  collected  as  a  crystalline  sublimate  on  a  paper 
coveriug  when  a  dried  watery  extract  of  gall  nuts  is  beated  in  a  porce- 
lain crucible. 

Properties. — A  crystalline  body,  soluble  in  water,  filcobol,  and  in 
etber.  It  does  not  neutralize  alkalies,  nor  does  it  form  true  salts.  It 
melts  at  239°  F.  (115°  C),  boils  at  410°  F.  (210°  C),  and  decomposes 
at  482°  F.  (240°  C.),  leaving  a  residue  of  metagallic  aci<1  (C6H4O5). 
When  dissolved  in  a  strong  potassic  hydrate  solution,  it  rapidly 
absorbs  free  oxygen  {see  page  121).  With  pure  ferrous  salts  it  forms 
a  fine  blue  color,  and  vpitb  ferric  salts  a  red  color.  Its  use  in  photo- 
graphy as  a  "  developer  "  depends  on  the  property  possessed  by  it  of 
reducing  gold,  silver,  and  mercury  from  their  salts.  Distilled  at  a  red 
heat  over  zinc  dust,  it  yields  benzene. 

E— HEXHYDRIC  ALCOHOLS. 

Formula  CttHoa_4(OH)6  Series. 

This  includes  the  three  natural  sugars:  mannite,  C6H8(OH)6  ;  dulcite, 
C6l-l8(OH)e ;  and  sorbite,  C6H8(OH)6. 

Mannite  (Mannitol),  C6H8(OH)6.  Natural  Histonj.— Found  in 
manna  (the  sap  derived  from  different  species  of  ash  ;  Fracrmus  ornus), 
and  in  other  plants,  such  as  seaweed,  mushrooms,  etc. 

Preparation. — (1.)  By  the  action  of  boiling  alcohol  on  manna. 

(2.)  By  the  action  of  nascent  hydrogen  (sodium  amalgam)  on  an 
aqueous  solution  of  glucose  (CgHigOe -f- Hj  =  C6H8(OH)g). 

Properties.— Munnite  crystallises  in  four-sided  crystals,  which  are 
sweet  to  the  taste,  soluble  in  water  and  in  alcohol,  and  insoluble  in 
ether. 

It  does  not  ferment,  thus  differing  from  cane-sugar.  It  possesses 
no  action  on  polarised  liglit,  nor  does  it  reduce  an  alkaline  solution  of 
cupric  hydrate  on  boiling,  thus  differing  from  grape-sugar. 

Its  relationship  to  the  alcohols,  and  its  hexatomic  character,  is 
marked  as  follows  :— (1.)  By  the  action  upon  it  of  nitric  s-cid  and  of 
stearic  acid  [Ci8H3gO(OH}]  it  forms  hexanitrate  and  Jiexastea  -yt,  of 
mannite  respectively,  six  hydrogen  atoms  in  these  compounds  being 
replaced  in  the  former  case  by  six  of  the  group  (NOj),  and  in  the 
latter  by  six  of  the  radical  of  stearic  acid  (CisHasO). 

CfiH8(OH)6;  C6H8(ONO„)6;  C6H8(Ci8H3502)6. 

Mannite ;  Mannite  hexanitrate ;        Mannite  liesastearate. 

(2.)  With  hydriodic  acid,  mannite  forms  iodohexane  (CgHiJ),  from 
which,  by  the  action  of  argentic  oxide  and  water,  normal  secondary 
hexylic  alcohol  may  be  obtained. 

(3.)  By  oxidation  (as  by  the  action  of  platinum  black)  it  yields  manm- 
tic  acid,  C6H12O7,  and  manjiitose  (C.U^^O,)  and  (by  the  action  of  dilute 
nitric  acid)  saccharic  acid,  CeH.oOe,  and  ultimately  oxalic  acid. 
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Dulcite  (C6H8(OH)6)  (Dulcin;  Dulcose ;  Melampyrite)  closely  re- 
sembles its  isomer  mannite.  It  is  obtained  naturally  from  the  expressed 
juice  of  the  melamjri/nm  nemorosum  ;  and  is  prepared  artificially  by  the 
action  of  nascent  hydrogen  on  inverted  milk-sugar. 

By  oxidation  with  nitric  acid  dulcite  forms  miicic  acid,  an  isomer  of 
saccharic  acid. 

Mercaptans  or  Thio- Alcohols. 

The  relationship  subsisting  between  potasstc  hydrate  (KHO)  and  ^o- 
tassic  mlphydrate  (KHS),  has  its  counterpart  in  the  relationship  between 
an  alcohol,  as  ethylic  alcohol  (CoHg(OH)),  and  a  mercaptan  or  thio- 
alcohol,  as  ethylic  stdphydrate  (C2Hg(SH)).  The  name  mercaptan  was 
originally  applied  solely  to  ethylic  sulphydrate,  which  was  the  first 
discovered  of  these  compounds,  but  it  is  now  applied  to  the  whole 
class  of  like  bodies. 

Preparation. — (1.)  From  the  corresponding  alcohols;  By  distillation 
with  phosphorus  pentasulphide  : — 

5[C„H5(OH)]      -i-       P2S5       =  o[aH5(SH)]  +  P2O5. 

Ethylic  alcohol       +     Phosphoras     =        Ethylic        +  Phosphoric 
pentasulphide  sulphydrate  anhydride. 

(2.)  From  certain  hydrocarbons.  By  the  action  of  potassic  sulphy- 
drate on  their  haloid  derivatives.    Thus  : — 

CH3CI  +      KHS       =     CH3(HS)    +  KCl. 

Methylic  chloride       +       Potassic       =       Methylic       +  Potassic 

tulph)drate  sulphydrate  chloride. 

The  mercaptans  are  mostly  oSensive-smelling  liquids,  but  some  are 
solid.  By  the  action  upon  their  alcoholic  solutions  of  certain  metals 
(as  K  and  Na),  or  of  certain  metallic  oxides  (as  HgO)  or  of  certain 
sails  (as  HgClo),  the  mercaptans  form  stable  crystalline  metallic  deri- 
vatives, as  e.g.,  jwtassic  mercaptide  (C2H5(KS),  mercuric  mercaptide 
(C2H5)2(Hg"S«),  etc.  By  oxidation  with  nitiic  acid,  the  mercaptans 
form  sulphonic  acids. 
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SUPPLEMENTARY  CHAPTER  TO  THE 

ALCOHOLS. 


CARBO-HYDRATES. 

The  sugars,  gums,  starches,  etc,  are  called  carbo-hydrates,  inasmuch 
as  they  contain  hydrogen  and  oxygen  in  the  proportions  to  form  water 
combined  with  carbon.  They  may  be  arranged  as  follows : — Those 
that  rotate  the  plane  of  polarisation  to  the  right  are  marked +,  and 
those  that  rotate  it  to  the  left  — . 

Group  I. — SuCROSES  :  Composition  CieHoaOji. 

1.  Cane  or  sparkling  sugar  (sucrose  or  saccharose)  +. 

2.  Milk  sugar  (lactose)  +. 

3.  Melitose  +.  4.  Melizitose  +.  5.  Trehalose  (or  my  cose) —. 
6.  Maltose  +. 

Group  II. — Glucoses  :  Composition  CgHigOg. 

1 .  Grape  sugar  (dextrose)  + . 

2.  Fruit  or  mucoid  sugar  (Igevulose)  — . 

3.  Galactose  +. 

4.  Sorbite +  .    5.  Eucalyn-f-.    6.  Inosite  0. 

Group  III. — Amyloses  :  Composition  (CeH^oOsV- 

1.  Starch  +. 

2.  Dextrin  +. 

3.  Glycogen  +. 

4.  MuHn  — . 

5.  Gums. 

6.  Cellulin. 

GROUP  I.— THE  SUCEOSES. 

Fo 

(1.)  Cane  or  Sparkling  Sugar  (CiJlgoOu).— /Swcrase. 

Natural  Histori/.— Found  only  in  the  vegetable  kingdom,  as  e.g., 
ill  the  svgar-cane  (saccharum  ofRcinarum),  to  the  extent  of  20  per 
cent.  ;  the  Asiatic  sugar-cane  (sorghum  saccharatum),  9-5  per  cent.  ; 
the  maple  (acer  saccharinum),  5  per  cent.  ;  the  lohite  beet,  7  to  1 1  per 
cent. ;  the  date  imlm  (saguerus  saccharifer) ;  and  maize  (7-5  per  cent.). 
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Probably  sncrose  is  present  in  all  plants  just  before  flowering,  at 
which  time  the  soluble  nutriment  of  the  plant  is  most  abundant. 

Preparation. — (1.)  The  juice  is  first  expressed  from  the  plant.  This 
is  effected  by  rollers  in  tlie  case  of  the  sugar-cane,  by  cuttivg  in  the 
case  of  beet,  by  tapping  in  the  case  of  the  maple,  etc. 

(2.)  The  free  acid  of  the  juice  is  as  soon  as  possible  after  extrac- 
tion neutralized  with  lime,  and  heated  to  140°  F.  (60°  C).  A  coagulum 
separates,  containing  albumen,  earthy  phosphates,  etc.  There  must 
be  no  delay  in  this  part  of  the  process,  otherwise  the  albumen  present 
in  the  juice  would  set  up  fermentation,  and  cause  a  loss  of  sugar. 
The  free  acid  must  be  neutralized  with  lime  before  boiling,  otherwise  it 
would,  on  boiling,  convert  a  portion  of  cane  into  grape  sugar,  and 
loss  be  occasioned. 

(3.)  The  clear  liquor  is  now  evaporated  in  open  pans.  (No  doubt 
the  large  quantity  of  molasses  formed  is  greatly  due  to  this  part  of  the 
operation.) 

(4.)  It  is  then  crystallized  in  open  wooden  troughs,  and  at  the  same 
time  briskly  stirred,  to  prevent  the  formation  of  large  crystals.  The 
solid  sugar  formed  is  separated  from  the  uncrystallizable  syrup  in  casks 
with  perforated  bottoms.  The  former,  dried  in  the  sun,  constitutes 
raw  or  Mioscovado  sugar  (foots),  and  the  latter  molasses. 

Sugar  Refining. 

(1.)  The  raw  sugar  is  dissolved  in  water,  and  the  soHition  in  which 
a  little  lime,  some  ground  bone-black  (4  to  100  of  sugar),  and  albu- 
men, such  as  the  serum  of  bullock's  blood  has  been  mixed,  is  then 
boiled  by  steam  (blow  up).  The  albumen,  as  it  coagulates,  rises  to 
the  surface,  and  carries  with  it  the  impurities  suspended  in  the  juice. 
The  bone-black  is  added  to  assist  in  decolorising  the  solution. 

(2.)  The  clear  liquor  is  further  decolorized  by  filtration  through 
animal  charcoal. 

(3.)  The  colorless  filtrate  is  now  evaporated  "  in  vacuo."  By  this 
means,  the  boiling  point  of  the  syrup  is  reduced  from  230°  F.  (110°  C.) 
to  150°  F.  (6o*5°  C),  that  is,  below  the  temperature  at  which  heat 
injuriously  affects  sugar.  The  evaporation  is  continued  until  the 
syrup  is  sufficiently  concentrated  to  "  draw  out." 

(4.)  The  syrup  is  then  run  into  coolers,  and  well  stirred.  So  soon  as 
crystallization  commences,  it  is  poured  into  moulds.  After  the  sugar  has 
set,  the  treacle  is  drained  off,  the  sugar  washed  with  a  little  clean 
syrup  in  order  to  remove  adhering  coloring  matters,  and  the  solid  mass 
dried  and  polished  in  a  lathe.    This  constitutes  "loaf  sugar." 

It  may  be  roughly  stated  that  the  raw  sugar  obtained  is  one-tenth 
the  weight  of  the  original  juice,  that  is,  about  one-half  the  quantity 
of  sugiir  the  juice  is  known  to  contain.  The  raw  sugar  yields  about 
60  per  cent,  of  pure  cane  sugar,  the  remainder  consisting  of  water, 
uncrystallizable  sugar,  coloring  matters,  etc. 


682 


HANDBOOK  OP  MODERN  CHEMISTRY, 


Properties. — (a.)  Physical.  Sugar  is  a  colorless  and  sweet  body, 
crystallizing  in  oblique  rhombs  ;  Sp.  gr.  1*6.  It  rotates  a  ray  of  light 
to  the  right  (73°  8'). 

Action  of  heat. — (a.)  On  dry  sugar. — Sugar  melts  at  365°  F.  (185°  C), 
changing  without  loss  of  iveight  into  a  mixture  of  dextro-glucose  and 
Ifevulose  (Ci2H220ii=C6H;^206  + CgH^oOs)-  The  action  of  this  mixture 
on  a  ray  of  polarized  light  is  directly  opposite  to  that  of  cane  sugar. 
Hence  it  is  called  inverted  sugar  (fruit  sugar),  the  specific  rotatory 
power  of  the  lasvulosc  being  greater  than  the  specific  rotatory  power 
of  the  dextro-glucose. 

At  from  365°  to  400°  F.  (185°  to  204-5°  C.)  the  sugar  gives  off  water 
and  becomes  discolored,  forming  "  toffij." 

At  from  400°  to  420°  F.  (204-5°  to  215*5°  C.)  it  gives  off  more  water, 
blackens,  and  leaves  a  brown  residue  called  '''  caramel""  (CxoHj^gOg). 

Above  this  temperature  it  evolves  inflammable  and  other  gases 
(CO  ;  CH4 ;  COo  ;  etc.),  a  liquid  distillate  consisting  of  acetic  acid, 
acetone,  aldehyde,  and  a  brown  oil  containing  furfurol  and  assamar 
coming  over.    Charcoal  only  remains  in  the  retort  after  the  operation. 

(/3.)  On  a  solution  of  sugar  and  water. — By  boiling  a  solution  of 
cane  sugar,  it  becomes  inverted  sugar  {G^o^Q„0-^i-\-^gO=2C^^„0f). 
This  change  is  assisted  by  the  presence  of  certain  salts  and  of  dilute 
sulphuric  or  other  mineral  or  organic  acid.  By  prolonged  boiling  with 
dilute  acids,  brown  products,  such  as  id?nin,  are  formed. 

Heated  to  365°  F.  (185°  C.)  with  a  very  little  water,  sugar  becomes 
vitreous,  and  solidifies  to  an  amorphous  mass,  called  "  barley  sugar" 
an  admixture  of  amorphous  and  crystallizable  sugar.  The  amorphous 
sugar  contained  in  barley  sugar  gradually  becomes  crystalline  and 
opaque  by  keeping. 

Solubility. — Sugar  is  soluble  in  cold  water  (1  in  2  aq.  by  weight),  its 
solubility  in  boiling  water  being  almost  unlimited.  It  is  almost 
insoluble  in  alcohol  or  in  ether.  Boiling  absolute  alcohol  dissolves 
-g'^th  part  of  its  weight,  but  gives  it  up  again  on  cooling. 

Action  of  acids. — Strong  mineral  acids  rapidly  decompose  it.  With 
sulphuric  acid  the  sugar  is  completely  decomposed,  carbon  being  sepa- 
rated and  SOo  evolved.  This  reaction  is  peculiar  to  cane  sugar.  With 
nitric  acid,  oxalic  and  saccharic  acids  are  formed.  With  hydrochloric 
acid,  ulmin  and  ulmic  acids  are  formed.  With  nitro-sulphuric  acid,  an 
amorphous,  explosive,  nitro-compound  (nitro-sucrose)  is  formed  (CioHis 
(N02)40ii)-  The  action  of  weak  mineral  or  vegetable  acids  is  to 
convert  sucrose,  which  is  non-fermentable,  into  dextrose  and  laevulose, 
both  of  which  sugars  may  be  fermented. 

Action  of  alkalies.— Concentrated  solutions  of  the  alkalies  form  with 
cane  sugar  bodies  called  sucrates.     Dilute  solutions  act  feebly  and 
slowly,  forming  idmic  acid.    Triturated  with  the  dried  caustic  alkalies, 
sucrose  does  not  turn  brown,  thereby  distinguishing  it  from  grape  suga^ 
Action  of  oxidizing  bodies.— By  oxidation  with  sulphuric  acid  and 
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manganic  peroxide,  sugar  yields  formic  acid,  but  when  acted  on  with 
dilute  nitric  acid  it  yields  saccharic  and  oxalic  acids.  Sucrose  burns 
vividly  when  its  mixture  with  potassic  chlorate  is  touched  with  a 
drop  of  sulphuric  acid.  It  fires  when  triturated  with  plumbic  per- 
oxide. It  reduces  silver  and  mercury  salts  by  heat.  Pure  cupric 
hydrate  is  very  slowly  reduced  by  it  even  when  the  solution  is  boiling, 
hut  in  the  presence  of  an  alkali  a  blue  solution  is  formed,  which, 
sloAvly  and  imperfectly,  precipitates  cuprous  oxide  on  boiling. 

A  solution  of  sugar  dissolves  lead  oxide.    Lead  also  combines  with 
sugar  to  form  two  crystalline  lead  saccharates,  viz.  CigHisP^sOii 

Cane  sugar  does  not  ferment  directly,  but  it  does  indirectly  by  con- 
version into  dextrose  and  laevulose. 

(2.)  Milk  Sugar  {Lactin  or  Lactose)  C12H22O11. 
Natural  History. — Found  only  in  animals  (milk  of  mammalia). 
Preparation. — From  the  ivhey  of  milk  by  evaporation  and  crystal- 
lization. 

Properties. — (a.)  Physical.  A  hard  gritty  substance,  crystallizing  in 

square  prisms.    It  is  not  very  sweet.    It  has  a  specific  gravity  of  1"5, 

and  rotates  a  ray  of  light  -|-  59°  3'. 

Solubility —iolnhXe  in  water  (1  in  6  at  60° F. ;  1  in  2-5  at  212°  F.). 

It  is  insoluble  both  in  alcohol  and  ether. 

Action  of  heat. — At  284°  F.  (140°  C.)  two  molecules  of  lactose  lose 

one  molecule  of  water.    At  400°  F.  (204-5°  C.)  lactose  fuses  and  loses 

more  water.    In  other  respects  the  action  of  heat  upon  it,  corresponds 

to  that  on  cane  sugar. 

(/3.)  Chemical.    Milk  sugar  is  decomposed  by  strong  acids.  Nitric 

acid,  by  oxidation,  converts  it  into  mucic,  saccharic,  tartaric  and  oxalic 
acids.  Boiled  with  dilute  acids,  it  is  changed  into  a  fermentable  sugar 
called  galactose  (CgHieOg),  a  body  which,  with  nitric  acid,  forms  mucic 
acitl,  and  rotates  a  ray  of  light  -r  83°  3'.  Lactose  does  not  itself 
undergo  vinous  fermentation,  but  under  the  action  of  yeast  rapidly 
changes  to  a  fermentable  sugar  (galactose).  Under  the  action  of 
chalk  and  cheese  lactose  forms  lactic  acid,  a  certain  quantity  of  alcohol 
being  formed  simultaneously.  Boiled  with  an  alkaline  solution  of 
cupric  hydrate,  it  precipitates  seven-tenths  as  much  cuprous  oxide  as 
dextrose. 

(3.)  Melitose  (CigHsgOn). — This  is  obtained  from  various  species 
of  eucalyptus.  The  crystals  have  a  slightly  saccharine  taste.  It  is 
soluble  in  water  (1  in  9  at  60°  F.;  1  in  3  at  212°  F.),  and  in  boiling 
alcohol.    It  is  dextro-rotatory  102°. 

By  the  action  upon  melitose  either  of  dilute  sulphuric  acid  and  heat, 
or  of  yeast,  it  forms  two  kinds  of  sugar — a  fermentable  sugar,  glucose, 
and  an  un fermentable  sugar,  eucalyn.  Nitric  acid  oxidizes  it  to  mucic 
and  oxalic  acids.    It  does  not  reduce  an  alkaline  copper  solution. 
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(4.)  Melizitose  (CioHeoOn)  is  obtained  from  tlie  larcb.  It  is 
dextro-rotatory  94°  1',  With  nilric  acid,  it  forms  oxalic  acid.  On 
boiling  with  dilute  sulphuric  acid  it  yields  glucose.  It  ferments  with 
difficulty. 

(5.)  Trehalose  (CioHooOn)  is  obtained  from  the  trehala  manna  of 
Syria.  It  is  dextro-rotatory  200°.  It  forms  a  detonating  compound 
with  strong  nitric  acid  ;  with  dilute  nitric  acid  it  forms  oxalic  acid. 
It  ferments  very  imperfectly,  and  does  not  precipitate  cuprous  oxide 
from  alkaline  copper  solutions. 

(6.)  MyCOSe  (CioHooOn)  is  obtained  from  ergot,  mushrooms,  etc. 
It  is  dextro-rotatory  173°.    Ir,  ferments  slowly. 

GROUP  II.-THE  GLUCOSES. 

Formula  CellioOg. 

(1.)  Grape  Sugar  (Glucose;  Dextrose;  Dexlro-Glucose ;  Granular 
Sugar)  (CgH^Oc). 

Ilistorjj. — Glucose  occurs  both  in  the  vegetable  and  animal  kingdoms, 
(o.)  In  the  vegetable  kingdom  it  is  found  in  fossil  ferns  and  in  vege- 
table mould  ;  in  sweet  fruits  and  in  honey;  in  chestnuts  ;  in  growing 
potatoes  and  in  malt.  In  ripe  fruits  and  in  honey,  it  usually  occurs 
along  with  lajvulose  and  cane  sugar. 

(/3.)  In  the  animal  kingdom  it  is  found  in  the  urine,  in  minute 
quantity  in  health,  but  often  in  enormous  quantity  in  diabetes.  It 
also  occurs  in  the  liver  and  in  the  stomach  during  digestion. 

Preparation. — (1.)  From  fruits,  etc.,  by  precipitating  its  solution  in 
water  with  spirit.  From  honey,  by  washing  with  dilute  alcohol, 
which  dissolves  the  Isevulose  but  leaves  the  glucose. 

(2.)  By  the  action  of  diastase  (malt)  on  starch,  or  by  merely  boiling 
the  starch  in  dilute  sulphuric  acid.  The  acid  is  to  be  neutralized  with 
chalk,  and  the  clear  solution  evaporated  to  a  syrup  and  crystallized — 

CeHioOs       +         H^O        =  CgHi.O,. 
Starch  -|-         "Water  =  Glucose. 

Glucose  is  also  formed  by  the  action  of  dilute  acids  on  cellulin. 

(3.)  By  the  action  of  dilute  acids  on  the  glncosides,  such  as  aisculiu, 
amygdalin,  chitin,  glycyrrhizin,  salicin,  etc. 

Properties. — A  granular  non-sparkling  body,  forming  nodular  masses 
of  minute  acicular  radiating  crystals  (CgHjoOgjIIoO).  Its  sweetening 
power  is  about  one-half  that  of  cane  sugar.  Specific  gravity,  1'4.  It 
is  dextro-rotatory  54°. 

Action  of  heat. — It  suffers  no  decomposition  up  to  266°  F.  (130°  C). 
At  338°  F.  (170°  C.)  water  is  evolved,  and  ghicnsan  (CellioOs)  formed. 
By  the  further  action  of  heat,  it  forms  caramel. 

It  is  soluble  in  water  in  all  proportions.  It  is  not  soluble  m 
spirit. 
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Action  of  acids.— Strong  sulphuric  acid  converts  grape  sugar  into 
<ulplio-saccharic  acid.  (This  acid  forms  a  soluble  baric  salt.)  Nitric 
acid  oxidizes  it  to  saccharic  or  oxalic  acid.  HydrocJiloric  acid  decom- 
poses it.  Heated  with  organic  acids,  it  forms  conjugate  acid  com- 
pounds, such  as  tri-aceto-dextrose,  C6H903(C2H302)3-  Boiled  with 
dilute  sulphuric  or  hydrochloric  acid,  it  forms  various  brown  compounds 
called  ulmiu,  ulmic  acid,  etc. 

Solutions  of  alkalies  and  alkaline  earths  decompose  it  even  in  the 
cold,  but  more  rapidly  when  heated,  forming  a  brown  compound 
(Moor's  Test).  With  yeast,  it  ferments  rapidly  and  directly  at  a  tem- 
perature of  77°F.  (25°  C).  It  unites  with  certain  salts  (as  NaCl) 
and  metallic  oxides  (as  CaO,  BaO,  etc.),  forming  with  them  unstable 
compounds  such  as  (C6Hi206)2NaCl.H20  and  (C6Hi206)2(BaO)3, 
2H„0,  etc. 

It  is  rapidly  oxidized.  Hence  when  boiled  in  alkaline  solutions  of 
silver  and  copper  salts,  it  quickly  reduces  them,  precipitating  metallic 
silver  or  the  red  cuprous  oxide.  Five  molecules  of  cuprous  oxide  are 
exactly  reduced  by  one  molecule  of  grape  sugar. 

(2.)  Lsevulose  {Lcevo-glucose ;  Left-handed  Glucose ;  Mucoid  Sugar) 
(CgHijjOg). 

Natural  History. — This  sugar  occurs,  together  with  glucose,  in 
honey,  ripe  fruits,  etc. 

Preparation. — (1.)  By  heating  cane  sugar  with  dilute  acids,  when  a 
mixture  of  dextrose  and  Isevulose  {i.e.,  inverted  sugar)  is  formed.  On 
neutralizing  with  lime,  calcium  compounds  of  both  glucose  and 
IjEvulose  result,  the  glucose  compound  being  soluble  in  water,  and  the 
Ijevulose  compound  insoluble.  The  latter  compound  after  separation 
is  suspended  in  water,  and  decomposed  by  the  action  of  carbonic 
anhydride  or  oxalic  acid,  whereby  a  pure  Icevulose  is  obtained. 

(2.)  By  the  action  of  dilute  acids  on  inulin. 

Properties. — A  sweet  syrup.  It  may  be  obtained  as  an  amorphous 
solid,  but  with  difficulty.  It  is  more  soluble  than  dextrose  in  water  and 
in  spirit.  It  rotates  a  ray  of  polarized  light  to  the  left.  The  rotation 
of  glucose  to  the  right  is  the  same  at  all  temperatures,  but  the  extent 
of  rotation  to  the  left  in  the  case  of  Itevulose,  varies  with  the  tempera- 
ture from  53  degrees  at  194°  F.  (90°  C.)  to  106  degrees  at  57*2°  F. 
(14°  C). 

Inasmuch  as  inverted  sugar  consists  of  equal  parts  of  glucose 
(=  +  56°)  and  lievulose  (=  —  106°),  it  follows  that  inverted  sugar  is 
IjEvo-rotatory  (= — 50°).  By  heat  laeviilose  forms  a  body  isomeric 
with  glucosan,  called  Icevulosan  (C6H10O5).  On  oxidation  laavulose  yields 
saccharic  acid.  Its  reaction  with  a  ferment  and  with  metallic  salts  are 
similar  to  those  of  glucose. 

(3.)  Galactose  (CeHioOe)  is  prepared  by  boiling  milk  sugar  in  dilute 
acida.    It  is  dextro-rotatory  82°  3'.    It  ferments  easily.    It  resembles 
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glucose,  except  that,  unlike  it  and  all  preceding  sugars,  it  yields  mucie 
acid  on  oxidation  with  nitric  acid. 

(4.)  Sorbite  (CeHioOg)  is  prepared  from  the  juice  of  the  berries  of 
the  mountain  ash.  By  oxidation  with  hot  nitric  acid,  it  forms  oxalic 
acid.  It  does  not  yield  alcohol  by  fermentation  with  yeast,  but  it 
yields  lactic  and  butyric  acids  together  with  some  alcohol  by  contact 
with  cheese  and  chalk.    It  is  dextro-rotatory  47°. 

(5.)  Eucalyn  (CgHioOfi)  is  a  sugar  separated  during  the  fermenta- 
tion of  eucalyptus  sugar.  It  will  not  ferment,  nor  is  it  rendered  fer- 
mentable by  the  action  of  dilute  sulphuric  acid.  It  is  dextro-rotatory 
(  +  50°). 

(6.)  Inosite  (CgHioOg).  The  sugar  of  muscle.  It  is  also  found  in 
kidney  beans.  Inosite  is  soluble  in  water,  but  insoluble  in  alcohol 
and  ether.  It  does  not  undergo  alcoholic  fermentation,  but  forms 
lactic,  butyric,  and  carbonic  acids  by  the  action  upon  it  of  chalk  and 
cheese.    It  is  without  action  on  a  polarized  ray. 

Grlucosides. 

There  are  various  bodies  found  in  plants,  called  glucosides  (and  which 
may  be  described  as  comjyoxmd  ethers  of  glucose)  ;  none  of  them  have 
been  prepared  artificially.  They  yield  on  decomposition  a  sugar, 
together  with  other  substances.  The  following  are  the  most  important 
of  these  bodies  :  — 

(1.)  Amygdalin  (CaoHgiNOn  +  SHgO).  Source  j  bitter  almonds. 
Under  the  action  of  emulsion  or  synaptase  forms  glucose,  bitter  almond 
oil  (benzoic  aldehyde),  and  hydrocyanic  acid.    Thus  : — 

C20H27NO11    +  2H„0  =  C^HgO    +       HCN      +  2CfiHic,06. 
Amygdalin       -f-    Water    =     Benzoic     +    Hydrocyanic    +  Glucose. 

aldehyde  acid. 

(2.)  iEsCulin  (CaiHg^Oig).  Source;  bark  of  horse-chestnut  tree. 
Breaks  up  into  dextrose  (CgH^oOe)?        assculetin  (C9H5O4). 

(3.)  Chittin  (CgH^sNOg).    Source;  wing-cases  of  insects. 

(4.)  Glycyrrhizin  (Cg^HseOs)-    Source;  liquorice  sugar. 

(5.)  Indican  (CeeH^jNOiY).  Source ;  wood.  Yields  dextrose  and 
indigo  blue  (CbHsNO). 

(6.)  Myronic  Acid  (CioHigNSoOio).  /SoMrce ;  black  mustard.  By 
the  action  of  the  myrosin  (an  albuminous  ferment)  present  in  the  seed, 
the  myronic  acid  (present  as  myronate  of  potassium),  forms  oil  of 
mustard  (athylthiocyanate),  glucose,  and  sulphuric  acid. 

(7.)  Phlorizin  {CoiRa^Oyo,2Y{,0).  Source;  root  bark  of  apple  and 
cherry-tree. 

(8.)  Quercitrin  (C33H30O17).    Source;  quercitron  bark. 

(9.)  Salicin  (C13H18O7).  Source;  bark  of  willow,  poplar;  also 
found  in  the  castoreum,  contained  in  a  gland  of  the  beaver.  Forms, 
under  the  action  of  synaptase  or  emulsin,  dextrose  (CgHioOe)  aud 
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salicylic  alcohol  {saligenin)  {CqYI^{110)CIIoOII).  By  distillation  with 
sulphuric  acid  and  potassic  bichromate,  forms  salicylol  (C^HgOg),  or  the 
artificial  oil  of  the  meadow  sweet  (Spircca  ulmaria).  With  dilute  nitric 
a(!id,  it  yields  helicin  (Ci-jHujOy). 

(10.)  Populin  (CooHooOg)-    Source  ;  hark  of  aspen. 

(11.)  Ruberythric  Acid  (CogHogOii).    Source ;  madder  root. 

(12.)  Solanin  (C43H7.jNOi6)-    Source  ;  woody  nightshade. 

(13.)  Arbutin  (CiaH^^gOy).  Source;  leaves  of  the  bear-berry  (arbu- 
tus  uva  ursi). 

(14.)  Coniferin  (CigHooOg).    Source  ;  juice  of  conifercB. 
(15.)  Convolvulin  (CgiHgoOig).    Source;  jalap  root. 
(16-)  Tannin  (C27H22O17).   Source  ;  gall  nuts.    [The  tannins  con- 
stitute a  group  of  substances.] 

GROUP  III.— AMYLOSES. 
Starches :  Fecula-Amidine. 

Natural  History. — The  starches  are  organized,  non-crystalline  bodies, 
found  in  cells  situate  in  every  part  of  the  vegetable,  except  the  tips 
of  the  buds  and  the  extremities  of  the  rootlets.  Starch  is  also  found 
in  animals,  especially  in  embrj  onic  tissue,  as  well  as  in  the  brain,  liver, 
spleen,  and  kidneys  of  adults. 

F7-ej)aralwn. — The  tissue  is  first  broken  up,  and  the  starch  removed 
by  washing  with  cold  water,  in  which  it  is  insoluble. 

Varieties. — We  may  recognise  four  varieties  : — 

{!.)  Common  starch ;  (2.)  Lichen  starch ;  (Z .)  Inulin ;  (jL.')  Par  amy  Ion. 

(1.)  Common  Starch  (CeHioOs)^. 

Preparation. — (a.)  From  wheat,  which  contains  60  per  cent.  It  is 
extracted  either  (1)  by  fermenting  the  wheat  flour  for  three  or  four 
weeks,  during  which  time  the  gluten  putrefies,  thereby  assisting  the 
separation  of  the  starch  (old  method)  ;  or  (2),  by  simple  washing. 

(jS.)  From  rice  (83  per  cent.),  extracted  by  washing  the  powdered 
rice  with  a  weak  alkaline  lye  to  dissolve  the  gluten  (Jones  patent). 

(y.)  From  potatoes  (20  per  cent.),  extracted  by  rasping  and  washing. 

(3.)  From  arrowroot,  Jatropha  manihot,  etc. 

Properties. — A  white  pulverulent  crepitating  solid.  The  form  and 
size  of  the  starch  corpuscles  vary  with  its  source.  It  is  insoluble  in 
cold  water,  in  alcohol  or  in  ether.    Specific  gravity,  1'5. 

Action  of  heat,  (a.)  On  the  dry  starch.  A  moderate  heat  merely  dries 
the  starch  corpuscles.  A  temperature  of  320°  F.  (160°  C.)  discolors 
the  starch  a  little,  and  renders  it  soluble  (dextrin).  At  higher  tem- 
peratures the  starch  becomes  of  a  bufi;  colour,  and  evolves  water, 
leaving  dextrin.  At  a  still  higher  temperature,  it  evolves  more  water, 
and  leaves  caramel.  At  a  still  higher  temperature,  the  starch  is 
decomposed,  a  carbonaceous  residue  being  formed,  and  carbonic  and 
acetic  acids,  together  with  certain  empyreumatic  oils,  evolved. 
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(/3.)  Heated  with  water  to  158°  F.  (70"  C.)  the  starch  corpuscles  split, 
and  form  with  the  water  a  thick  paste,  called  starch  paste.  Boiled  for 
a  long  time,  this  solution  becomes  clear.  On  the  addition  of  alcohol 
to  the  clear  solution,  it  deposits  a  white  precipitate  of  soluble  starch. 

Action  of  acids. — All  acids  decompose  starch  ;  (a.)  Strong  sulphuric 
acid  dissolves  it,  forming  a  compound  acid.  With  dilute  sulphuric 
acid   starch  is  changed  into  glucose  ;  Concentrated  nitric  acid 

converts  starch  into  xyloidin,  which  is  precipitated  on  the  addition  of 
water  (Ci2Hi9(N02)Oio)  to  the  acid  solution.  A  weaker  acid  con- 
verts it  into  oxalic  acid,  A  very  weak  acid  changes  it  to  dextrin, 
(y.)  Hydrochloric  acid  changes  starch  into  glucose.  The  action  of 
oxalic  and  tartaric  acids  (but  not  of  acetic  acid)  is  similar  to  that  of 
hydrochloric  acid. 

Action  of  alkalies. — A  cold  alkaline   solution  forms  a  paste  with 
starch.    Fused  with  starch,  the  alkalies  form  oxalates. 

Action  oj  haloids. — Neither  chlorine  nor  bromine  have  much  action 
on  starch  in  the  cold,  but  when  starch  is  heated  in  chlorine  it  is  . 
decomposed.  The  action  of  iodine  is  to  color  the  starch  blue,  the 
color  being  destroyed  at  a  little  below  212°  F.(100°  C),  reappearing 
(if  the  heat  has  not  been  too  great)  as  the  solution  cools.  Ferments, 
such  as  yeast  and  diastase  (like  dilute  sulphuric  acid),  change  it  into 
dextrin  and  glucose. 

(2.)  Lichen  Starch  is  found  in  most  lichens,  such  as  Iceland  and 
Carrageen  moss.  When  boiled  with  water  it  forms  a  jelly.  It  is  con- 
verted by  acids  into  glucose.  Iodine  turns  it  a  greenish  brown  color. 
It  does  not  ferment  when  mixed  with  yeast  or  diastase. 

(3.)  Inulin  Starch  is  found  in  the  roots  of  most  of  the  Compositae, 
such  as  the  dahlia,  chicory,  elecampane,  etc.  It  is  an  amorphous 
white  substance,  decomposed,  like  starch,  by  heat.  It  forms  dextrin  by 
long-continued  boiUng.  By  the  action  of  dilute  acids,  it  yields  l^vu- 
lose.    Iodine  has  no  action  upon  it. 

(4.)  Paramylon  {glycogen,  or  animal  starch),  is  found  in  certain  of 
the  lower  animals,  and  also  in  certain  viscera  of  the  higher  animals, 
especially  in  the  placenta.  Acids  change  it  into  glucose.  Iodine  has 
no  action  upon  it. 

jjses. — In  the  vegetable,  starch  acts  as  a  store  of  nutriment.  In  the 
aniinal,  it  serves  the  purpose  of  a  respiratory  food.  The  essential  con- 
dition for  rendering  starch  useful  either  to  the  vegetable  or  to  the 
animal,  is  its  conversion  into  soluble  dextrin  and  sugar. 

Gums  (CeHioOs). 
Gums  are  organic  bodies  occurring  in  the  juices  of  plants.  They 
are  amorphous,  tasteless,  and  inodorous  bodies.     They  are  distin- 
guished from  sugars  (a)  by  not  being  susceptible  of  fermentation,  and  (/3) 
by  forming  mucic  acid  when  oxidized  with  nitric  acid.    From  resins  they 
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may  be  distinguished  (a)  by  their  solubility  or  by  their  softening  in 
water,  and  (/3)  by  their  insolubility  in  alcohol. 

Varieties. — Dextrin,  arabin,  cerasin,  tragacanthin,  bassorin,  calendulin, 
saponin,  pectin,  carrageenin,  cydonin. 

(1.)  Dextrin  (CeHioOs)-  Dextrin  occurs  in  all  vegetable  juices,  and 
may  be  prepared  artificially  (constituting  artificial  or  British  gum), 
either — 

(a.)  By  heating  starch  with  or  without  water. 

(/3.)  By  heating  starch  with  dilute  sulphuric  acid. 

(y.)  By  the  action  on  starch  either  of  diastase  (such  as  is  contained 
in  an  infusion  of  malt),  or  of  a  similar  compound  such  as  is  present 
in  the  stomach  during  digestion. 

The  properties  of  dextrine  vary  somewhat  with  its  source.  It  dis- 
solves in  water,  forming  a  mucilage,  from  which  solution  it  is  pre- 
cipitated by  alcohol  and  by  acetate  of  lead.  Its  action  ou  a  ray  of 
polarized  light  is  dextro-rotatory  (138°  7'). 

Iodine  colors  some  specimens  of  dextrin  brown,  whilst  on  others  it 
has  no  action.  When  boiled  with  dilute  acids  it  forms  dextrose. 
It  does  not  ferment  with  yeast.  Pure  gum  does  not  reduce  an 
alkaline  copper  solution. 

(2.)  Arabin  (CxsHaaOn)  is  the  principle  of  gum  arable,  and  con- 
stitutes the  soluble  portion  of  other  gums.  It  is  soluble  in  its  own 
weight  of  water,  the  solution  being  unacted  upon  by  iodine.  The 
arabin  may  be  precipitated  from  its  aqueous  solution  by  alcohol,  by 
basic  acetate  of  lead,  and  by  potassic  silicate. 

Grum-arabic  is  probably  a  lime  salt,  as  it  yields,  on  incineration, 
3  per  cent,  of  ash,  which  is  almost  entirely  lime.  Gummic  acid  is 
said  to  be  soluble  in  water,  like  gum,  but  not  to  be  precipitated  from 
its  solution  by  alcohol,  unless  an  acid  or  a  salt  be  present.  It  is 
laevo-rotatory  36°.  By  a  heat  of  212°  F.  (100°  C.)  it  forms  meta- 
gummic  acid  which  is  insoluble  in  water. 

(2.)  Cerasin  (CeH^oOs)  is  the  insoluble  part  of  cherry-tree, 
peach,  and  other  similar  gums.  It  is  said  to  be  a  compound  of  lime 
and  metagummic  acid.  It  is  changed  into  arabin  by  long  continued 
boiling. 

(4.)  Tragacanthin  is  the  soluble  portion  of  gum  tragacanth. 

(5.)  Bassorin  is  the  insoluble  portion  of  gum  tragacanth,  and  forms 
the  chief  part  of  gum  bassora.  It  is  soluble  both  in  cold  and 
boiling  water. 

(6.)  Pectin. — Unripe  fleshy  fruits  contain  an  insoluble  body  called 
pectose,  to  which  the  hardness  of  unripe  fruits  is  due.  By  the  action 
of  a  ferment  present  iu  the  fruit,  this  body  forms  in  the  ripe  fruit  a 
soluble  substance  called  pectin.  The  peculiarity  of  pectin  is  the  pro- 
perty it  possesses  of  forming  a  jelly  with  acids  or  alkalies.    It  is 
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soluble  in  water,  insoluble  in  alcohol,  and  without  action  on  a 
polarized  ray. 

The  solution  of  pectin  is  neutral.  It  is  precipitated  by  alcohol,  but 
not  by  plumbic  acetate.  By  boiling  with  water  it  forms  parapectin 
which  is  precipitated  by  plumbic  acetate.  By  boiling  with  dilute  acid 
it  forms  meta-pectin,  which  is  acid  to  litmus,  and  is  precipitated  by 
barium  chloride.  By  the  action  of  bases,  all  these  varieties  of  pectin 
are  changed  into  pectic  acid. 

We  are  unable  to  fix  definite  formulas  for  these  bodies. 

REACTIONS  TO  BE  NOTED. 

Alcohol  (Ethylic  alcohol,  CaHgCOH)  )  :— 

1.  Absorbs  moisture.  Mixes  with  water,  heat  and  contraction  of 
volume  occurring  at  the  time  of  admixture. 

2.  Heated  in  a  test  tube,  (a.)  volatilizes  without  blackening. 
(/3.)  The  vapor  has  a  peculiar  odor,  and  (y.)  burns  with  a  blue,  smoke- 
leas,  non-luminous  flame. 

3.  Heated  with  sulphuric  acid,  (a.)  alcohol  does  not  blacken  ;  (/3.) 
evolves  an  ethereal  odor.    [Methylated  spirit  turus  brown.] 

4.  Heated  with  potassic  hydrate  it  gives  no  action. 

5.  Heated  with  a  solution  of  iodine  in  potassium  iodide,  and  a  little 
potash  solution,  a  yellow  crystalline  precipitate  of  iodoform  is 
produced. 

Glycerin,  C3H5(OH)3  :- 

1.  Heated  in  a  test-tube  glycerin  decomposes  without  blackening, 
emitting  acrid  fumes  of  acrolein. 

2.  Its  behaviour  when  heated  with  sulphuric  acid  or  with  potassic 
hydrate  is  similar  to  the  action  of  heat  without  these  reagents. 

3.  It  has  no  action  on  vegetable  colors. 

4.  Nitro-sulphuric  acid  forms  with  it  the  substitution  compound 


nitro-glycerin  (C3H5(N02)303). 
Sugars :— 


Sucrose. 

Glucose. 

2.  Action  on  polarized  ray . . 

3.  Heated  in  a  test  tube    . . 

4.  Heattd  with  HjSO^     . . 

6.  Heated    with  potassic 
hydrate 

6.  Heated     with  potassic 

cupric  tartrate 

7.  Add  to  the  solution  two 

drops  of    cupric  sul- 
phate, and  then  KHO 

Very  sweet 
Dextro-rotatory  73 -8 ° 
Chars ;  odor  of  caramel 
Chars  rapidly  ;  SOj  evolved 

No  change 

No  red  ppt.  of  CujO 

Turns  blue ;   on  heating 
little  alteration  occurs  at 
first ;  a  slight  red  precipi- 
tate falls  after  a  time, 
but  the  blue  color  of  the 
solution  remains. 

Not  very  sweet. 
Dextro-rotatory  54°. 
Chars. 

Chars  slowly  ;  forms  sul- 

pho-saccharic  acid. 
Becomes  dark  brown. 

Eed  precipitate  of  CujO. 

Turns  blue;  on  heating 
an  immediate  yellow 
precipitate  occurs,  be- 
coming dark  red  (CujO), 
the    solution  rapidly 
losing  its  color. 

REACTIONS. 
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Starch : — 

(1.)  Under  the  microscope,  starch  cells  appear  as  rounded  grains, 
which  pokirize  light. 

(2.)  Insoluble  in  cold  water.  When  boiled  the  cells  burst,  and  the 
starch  forms  a  paste,  shreds  of  membrane  being  apparent  in  the 
solution. 

(3.)  It  forms  a  blue  compound  with  free  iodine  ;  this  compound  is, 
(a.)  soluble  in  pure  water,  and  (/3.)  insoluble  in  solutions  containing 
free  acid  ;  (y.)  is  destroyed  by  heat,  temporarily  if  the  heat  be  slight, 
hut  permanently  if  the  heat  be  considerable  (p.  109.) 

(4.)  It  is  soluble  in  strong  nitric  acid,  forming  xyloidin. 

Gum  :— 

1.  Softens  in  cold  water. 

2.  Gives  no  reaction  with  tincture  of  iodine. 

3.  Basic  acetate  of  lead  gives  a  white  precipitate. 


XX  2 


CHAPTER  XXIV. 


THE  ORGANIC  ACIDS. 

Relationship  to  other  Bodies.    Monobasic  Acids  :  Acetic— Acrylic— Sorbic— Benzoic 

 Cinnamic— Naphtoic.    Dibasic  Acids  :  Succinic— Fumaric—Phthalic.  Tiii- 

BASic  Acids  :  Tricarballylic— Mesitic.    Reactions  of  the  Acids. 

Supplementary  Chaptbr.— Fats  and  Oils— Soaps— Candles— The  Tannins— Ink- 
Tanning. 

ORGANIC  ACIDS. 

An  organic  acid  may  bo  regarded  as  an  alcohol  derivative.  It  is  a 
compound  of  a  scmi-molecule  of  hydroxyl  (OH)  with  an  oxygenated 
radical. 

(1.)  An  alcohol  is  derived  from  a  hydrocarbon  by  the  substitution  of 
one  or  more  equivalents  of  the  group  (OH),  for  one  or  more  equiva- 
lents of  H.  Thus— 

CgHg  =  Ethane  and  forms  C2H5(OH)  EthjUc  alcohol 
C3H8  =  Propane  „       „    CgHyCOH)  Propylic  alcohol. 

Upon  the  number  of  equivalents  of  (OH)  substituted  for  hydrogen 
atoms  depends  the  atomicity  of  the  alcohol,  by  which  we  mean  the 
number  of  others  that'  an  alcohol  can  form  by  the  substitution  of  a 
monatomic  alcohol  radical  for  the  hydrogen  of  the  group  (OH). 
Thus— 

Monatomic  alcohol  Diatomic  alcohol  Triatomio  alcohol. 

C3H/OH)  C3He(OH)2  C3H5(OH)3. 

Propyl  alcohol ;  Propene  alcohol ;  Propenyl  alcohol. 

(2.)  An  organic  acid  is  derived  from  an  alcohol  by  the  equivalent 
substitution  of  0"  for  Hg,  or  of  Og  for  H4,  etc.    Thus  — 

C2H5(OH)  Ethylic  alcohol  forms  C2H30(OH)  Acetic  acid; 
C3H7(OH)  Propylic  alcohol   „    C3HgO(OH)  Propylic  acid. 
(3  )  An  alcohol  may  yield  more  than  one  acid.    The  number  of 
acids  an  alcohol  is  capable  of  forming  may  be  determined  by  the 
number  of  times  that  the  group  (CHg.OH)  enters  into  the  molecule  of 

the  alcohol.    Thus—  nu  nti 

Ethylic  alcohol,  C^O^)^  ^o^t^^^^  ^ut  one  of  the  group  CH„OH 

( +  CH  )     It  therefore  forms  only  one  acid. 

Ethene  alcohol  C2H4  (OH)^,  contains  two  of  the  group  CH^OH.  It 

therefore  forms  two  acids. 


ACID  DERIVATIVES. 
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(4.)  But  inasmuch  as  the  change  of  an  alcohol  into  an  acid  consists 
in  the  substitution  of  0  for  Hg,  or  in  other  words  in  the  conversion  of 
the  group  CHoOH  of  the  alcohol,  into  COOH  in  the  acid  (which  latter 
group  is  termed  carhoxyl),  it  follows  that  the  number  of  equivalents  of 
carboxyl  in  the  acid,  determines  the  basicity  of  the  acid  ;  in  other 
words,  that  the  number  of  groups  of  carboxyl  in  the  acid,  indicates 
the  number  of  hydrogen  atoms  that  may  be  replaced  by  metals  to  form 
salts.    Thus — 

(a.)  C2H4O2  is  acetic  acid.  It  contains  only  one  of  the  group 
COOH  ;  it  therefore  is  a  monobasic  acid,  i.e.,  only  one  atom  of  its 
hydrogen  can  be  replaced  by  a  metal  in  the  formation  of  salts. 

(jS.)  C2H2O4  is  oxalic  acid.  It  contains  two  of  the  group  COOH. 
It  is  therefore  dibasic,  i.e.,  the  molecule  may  have  two  atoms  of  its 
hydrogen  replaced  in  the  formation  of  salts,  either  by  two  of  a  monad 
metal,  or  by  one  dyad  metal. 

(5.)  It  is  evident,  therefore,  that  the  basicity  of  any  acid  corresponds 
with  the  basicity  of  the  alcohol  from  which  such  acid  was  derived. 
Many  of  the  acids  known  have  been  actually  derived  from  alcohols, 
whilst  many,  as  yet,  have  not  been  classified. 

Constitution  of  the  Acids— Acids  have  been  regarded  as  formed 
on  the  type  of  a  molecule  of  water  by  the  substitution  of  an  acid 
or  oxygenated  radical  for  one  of  the  hydrogens  (if  the  radical  be 
univalent)  of  the  water  molecule,  just  as  alcohols  are  regarded  as 
formed  on  the  type  of  a  molecule  of  water  by  the  substitution  of  an 
alcohol  or  hydrocarbon  radical  for  one  of  hydrogen.  If  the  radicals 
be  divalent,  the  acids  and  alcohols  are  then  regarded  as  formed  on 
the  double  water  type,  etc.    Thus — 

/  X  H  )    ^      ^  ,      C2HS  1  Ethylic    C2H3O  ]  ^  _  Acetic 

(aOnf    0  =  Water;     fj  «  J-  O  =   ^i^^i^i  .  H)^-  acid. 

{single  mol.). 

^  H2  )  0  _Water.(^-^^6)"  I  0.=^??^^  ^'^'^X  \  02=^"'f 
(/^O  Hj*J2-Water,  ^  Ug-  ^^^^^^ .  H2  J  ^  acid. 

{double  mol.). 

The  acid  radicals  are  denoted  by  names  ending  in  yl,  as  acetyl,  the 
radical  of  acetic  acid,  etc. 

Acid  Derivatives. 

(1.)  Salts.— Organic  salts  (as  we  have  said)  are  of  different  basici- 
ties, according  to  the  number  of  times  that  the  group  CO.OH  occurs 
in  the  molecule.  When  the  acid  is  acted  upon  by  a  metallic  carbonate, 
hydrate  or  oxide,  the  H  of  this  group  (carboxyl)  is  exchanged  for 
a  metal  to  form  a  salt.  , 

(a.)  Monobasic  acids,  such  as  acetic  acid,  CH3C0(011),  forms  (1) 
normal  salts,  as  sodium  acetate,  CH3C0(0Na)  ;  (2)  acid  salts,  formed 
by  the  combination  of  a  normal  salt  with  a  molecule  of  the  acid,  as 
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acid  potassium  acetate,  (C2H30)o(OK)(OH)  ;  and  (3)  basic  salts,  formed 
by  the  combination  of  a  normal  salt  with  one  or  more  molecules  of  a 
metallic  oxide  or  hydrate,  as  triplumbic  acetate,  Pb"(C2H302)2!2PbO, 
etc. 

(/3.)  Dibasic  acids,  such  as  oxalic  acid,  C20o(OH)2,  form  (1)  normal 
salts,  as  ammonic  oxalate,  C202(ONH4)2,  where  all  the  displaceable 
hydrogen  is  replaced  by  a  metal  ;  and  (2)  acid  salts,  as  acid  am- 
monic oxalate,  C202(OH)(ONH4),  where  one-half  of  the  displaceable 
hydrogen  is  replaced  by  a  metal. 

(2.)  Acid  Anhydrides  or  Oxides.— These  are  bodies  formed  by 
the  substitution  of  the  hydrogen  of  the  carboxyl  in  the  acid,  by  an 
acid  radical.    Thus,  CH3C0(0H)  being  acetic  acid, — 

(a.)  [CH3CO(CH3CO)0]  =  acetic  oxide  or  anhydride. 

(/3.)  [CH3CO(C7H50)0]  =  acetobenzoic  oxide. 

Thus  the  acid  radical  may  be  the  same  as  that  already  present  in 
the  body,  as  in  (a),  or  it  may  be  different,  as  in  (/3).  Various  mixed 
anhydrides  may  in  this  way  be  formed. 

Preparation. — (1.)  By  the  action  of  the  acid  chlorides  either  on  the 
acids  or  on  their  salts. 

(2.)  By  the  action  of  acid  chlorides  on  metallic  oxides. 

Properties. — (1 ,)  By  the  action  of  water,  the  anhydrides  become 
acids  ;  (2)  with  pJwsphoric  chloride  (PCI5),  they  form  acid  chlorides  ; 
(3)  by  the  action  of  alcohols,  they  form  ethereal  salts  ;  (4)  with 
ammonia,  they  form  acid  amides. 

(3.)  Acid  Peroxides.— These  bodies  bear  the  same  relationship  to 
acid  oxides,  that  PbO  bears  to  Pb02.    Thus  : — 

(CH.;C0)20  =  acetic  oxide;  (CH3CO)202  =  acetic  peroxide. 

Prejmration. — By  the  action  of  a  metallic  peroxide  (as  BaOg)  on  an 
acid  anhydride  or  chloride. 

Properties. — The  acid  peroxides  are  powerful  oxidising  agents. 
(4.)  Compound  {Ethereal  salts.)    Bodies  formed  by  the 

substitution  of  the  replaceable  hydrogen  of  an  acid  by  an  alcohol 
(hydrocarbon)  radical.    Thus  : — 

Acetic  acid,  CH3C0(0H),  forms  CHgCOCOCsHg),  ethylic  acetate. 
A  similar  formation  takes  place  in  the  case  of  the  mineral  acids. 
Thus  :— 

Sidphuric  acid,  H2SO4,  forms  (C2H5)2S04,  ethylic  sulphate. 

Further,  as  we  have  normal  and  acid  metallic  salts,  so  also  we  may 
have  normal  and  acid  ethereal  salts. 

Pre}yaration.—{l.)  By  the  action  of  alcohols,  either  on  the  acids, 
the  acid  chlorides,  or  the  anhydrides. 

(2.  By  the  action  of  the  acid  ethereal  salts  of  sulphuric  acid  on  the 
alkaline  salts  of  the  acids. 

Properties.— Stable  bodies.  When  heated  with  water  they  form  the 
acid  and  the  alcohol  from  which  they  were  derived. 
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(5.)  Acid  Chlorides,  Bromides  and  Iodides.  These  are  bodies 

formed  by  the  substitution  of  the  (OH)  in  the  carboxyl  group  of  the 
acid,  by  either  chlorine,  bromine,  or  iodine.    Thus — 

Acetic  acid,  CHaCOCOH),  forms  CHgCOCCl),  acetyl  chloride. 

Succinic  acid,  CjH.CgOsCOH)^,  forms  CsH^CaOaCCIs),  succinijl 
chloride. 

Preparation.— the  action  of  the  haloid  phosphorus  compounds  on 
the  acids,  or  on  their  metallic  salts. 

Properties. — Decomposed  by  water  into  the  organic  and  haloid 
acids.    Thus  : — 

CH3C0(C1)     +      H2O     =  CHgCOCOH)  +  HCl. 

Acetyl  chloride       +       Water       =       Acetic  acid       +  Hydrochloric 

acid. 

(6.)  Acid  Amides.— Bodies  formed  by  the  substitution  of  the  (OH) 
in  the  carboxyl  group  of  the  acid  by  amidogen  (NHo).  The  mono- 
basic acids  yield  normal  amides  only,  whilst  the  dibasic  acids  yield 
both  normal  and  acid  amides.    Thus  : — 

Acetic  acid,  CHgCOCOH),  forms  CHaCOCNHg),  Acetamide  (neutral). 
Succinicacid,CJl,C^O^{pil\,  forms  C2H,C202(NH2)(OH),  Succinamide 

(acid). 

C2H4Ca02(NH2)2,  Succinamide 
(neutral). 

Preparation.— {\.)  By  the  action  of  heat  on  the  ammonium  salts  of 
the  acids,  whereby  water  is  abstracted.    Thus  : — 

CH3C0(0NH4)       =       CH3CO(NH2)       +  H2O. 
Amnionic  acetate  =  Acetamide  +  "Water. 

(2.)  By  the  action  of  ammonia  either  (a)  on  the  compound  ethers  or 
(fi)  on  the  acid  chlorides. 

(a.)  CH3CO(OC2H5)  +     NH3    =  C8H5(OH)  +  CH3CO(NH2). 
E  hyllc  acetate       +    Ammonia  =  Ethylic  alcohol  +  Acetamide. 

(iS.)      GH3C0(C1)      +  2NH3    =     NH4CI     +  CH3CO(NH2). 
Acetyl  chloride       +   Ammonia  =      Ammonic      +  Acetamide. 

chloride 

Properties. — When  the  acid  amides  are  heated  with  water,  the 
ammonium  salts  are  re-formed.  When  distilled  with  phosphoric 
anhydride,  they  become  "  nitriles  "  or  alcoholic  cyanides.    Thus  : — 

CH3CO(NH2)  +     P2O5     =  GH3CN(or(C2H3)'"N)  +  2HPO3. 
Acetamide       +  Phosphoric   =        Methyl  cyanide  (or        +  Phosphoric 
anhydride  ethenyl  nitrile)  acid. 

(7.)  Haloid  Salts  of  the  Acids.  These  are  compounds  formed 
from  the  metallic  salts,  by  the  substitution  of  the  metal  by  chlorine,  Qic. 
Thus  : — • 

Potassic  acetate,  CH3C0(0K),  forms  CH3C0(0C1),  chlorine  acetate. 
Properties.— Yery  unstable  bodies.    Explode  at  low  temperatures. 


ir. 
nr. 

IV. 


VI. 
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(8.)  Substitution  Derivatives— By  the  direct  action  of  the  haloid 
elements  on  the  acids,  the  substitution  of  one  or  more  chlorine  atoms 
for  hydrogen  may  be  effected.    Thus  : — 

CH3C0(0H)  =  Acetic  acid. 


CHjClCO(OH)  Monochloracetic  acid. 
CHCljCO^OH)  Dichloracetic  acid. 
CCl3C0(0fl)  Trichloraceti  acid. 


CIl2BrC0(0H)  Monobromacefic  acid. 
CHBr2C0(0H)  Dibromacetic  acid. 


These  substitution  acids  form  salts,  compound  ethers,  acid  chlorides, 
etc.,  like  the  original  acid. 

The  organic  acids  are  divided  into  three  great  classes  according  to 
the  number  of  carboxyl  groups  (CO. OH)  which  they  contain,  or  in 
other  words,  according  to  their  basicity  : — 

I.  Monobasic  acids ;  II.  Dibasic  acids ;  III.  Tribasic  acids. 

These  may  be  further  subdivided  as  follows : — 

(A.)  Monobasic  Acids. 


SERIES. 


Acetic  series 

(fatty  acids) 
(a.)  Lactic  series 
(jS.)  Pyruvic  series 
(y.)  Glyoxylic 

series  .  . 
Acrylio  series 
Sorbic  series 
Benzoic  series 
(a.)  Oxybenzoifl 

series    . . 
(j8.)  Dioxybenzoic 
series    . . 

(y.)  Gallic  series  . 
CinDamic  series  . 

(Olf)  ...  . 
Naphtoic  series 


(«•) 
(OH) 


Hydrocarbon 
from  which 
derived. 


Cnllan— a 


^2^211— 8 


^n-^2n— 12 


Formula  of  Acids. 


C„H2n+,(C00H) 

C„H2,  (OH)  (COOH) 

CnH2n-.<>(C00H) 

C,.H,^_,(OH),(COOH) 


C„H2„_,(C00H) 
C„B2„_8(COOH) 
C„H,„_,(COOH) 

C„H2„-8(OH)(COOH) 

CnH2n-9(OH),(COOH) 

CnH2n-io(OH)3(COOH) 
CnH2,._9(COOH) 

CnH,n-„(COOH) 

CnH2n_,3(COOH) 
C>2n-:9'COOH) 


Example. 


Acetic  acid  CH,(COOH) 

Lactic  acid  C2H,(0H)  (COOH) 
Pyruvic  acid  02UsO(COOH) 
Glyceric  acid  (CHj(OH)'JH(OH) 

(COOH) 
Acrylic  acid  CjH3(C00H) 
Sorbic  acid  C5H,(U00H) 
Benzoi  acid  C6H5(C00H) 

Salicylic  acid  C6H,(0H)(C00H) 

Oxysalicylic  acid  CjHg  (OH)j 

(COOH) 
Gallic  acid  C6H2(0H;3(C00H1 
Cinnamic  acid  CgH,(aoOH) 
Phenyl  propiolic  acid  CgHjCj 

(COOH) 
Naphtoic  acid  C,oH,(COOH) 
Anthracene-carboxylic  acid  CjiH 

(COOH)  


11. 
III. 


(B.)  Dibasic  Acids. 


SERIES. 

Hydrocarbon 
from  which 
derived. 

Formula  of  Acids. 

Succinic  series 
(a.)  Malic  series  . . 
(j3.)  Tartaric  series 
Fumaric  series 
Phlhalic  series    . . 

C'n^2n+2 

C^HoJCOOH), 
C„H„„_,(OH)  (COOH), 
C^H,„_,(OH),(COOH), 

CnH2u_,(C00H), 

C^H,„_,(COOH), 

Succinic  acid  C2H,(COOHl5 
Malic  acid  C,H,(OU)  (COOH) 
Tartaric  acid  C,t[,(OH),(CO0B) 
Fumaric  acid  CjH2(C00H)j 
Phthalic  acid  G6H,(CO0H)2 


MONOBASIC  ACIDS. 

(C.)  Tribasic  Acids. 
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SERIES. 

Hydrocarbon 
from  which 
derived. 

Formula  of  Acids. 

Example. 

irhallylic  series 
;itic  series 

CnH,,_,(C00H)3 
C„H2^_,(C00H), 

Tricarballylio  acid  CjnsfCOOH)^ 
Mesitic  acid  C6H3(C00H)3 

A.  MONOBASIC  ACIDS. 

Acetic  Series. 

Series  I.    Formula  (C„H2„+i.(C00H)). 
Of  these  we  recognise  three  groups — 

(a.)  Normal  or  primarij  acids  |  ^qoH)^^^^^^  ' 

lerivatives  of  primary  alcohols  {see  page  658),  i.e.,  an  alcohol  where 
)ue  hydrogen  atom  of  carbinol  CH3(0H)  has  been  replaced  by  a 
adical  of  the  formula  CnHgn+j.  , 

1  (COOH) 


(/3.)  Secondary  acids 


lerivatives  of  secondary  alcohols,  i.e.,  an  alcohol  where  two  hydrogen 
it  .ms  of  carbinol  CH3(0H)  have  been  replaced  by  two  radicals  of 


lie  formula  CnHgn+j. 


I  C(CnH2n+l)3. 

\  (COOH)  ' 


(y.)  Tertiary  acids 

lerivatives  of  tertiary  alcohols,  i.e.,  an  alcohol  where  three  hydrogen 
itoms  of  carbinol  CH3(0H)  have  been  replaced  by  three  radicals  of 
he  formula  CnHgn+i.    Thus — 

From  the  alcohols  we  obtain  the  acids  : — 


Alcohols. 

Acids. 

Example. 

(«.)  C(C,H2„,i)H2(OH) 

Primary  alcohol. 

j  C(CnH2n+iH2  ; 
\  COOH 

Primary  acid. 

CCcCH3)H2 
(COOH 

Propionic  or 
meth acetic  acid. 

{ft.^  C(„CHe„,i),H(OH) 

Secondary  alcohol. 

f  C(C„H2m.i)2H  ; 

t  COOH 

Secondary  acid. 

(  C(CH3)2H 
1  COOH 

Isobiityric  or  di- 
methncetic  acid. 

fy.)  C(C„H2„,,)3(OH) 
Tertiary  alcohol. 

j  0(C„H2„+i)3 ; 
1  COOH 

Tertia'-y  acid. 

)  C(CH3)., 
ICOOH 

Trimtthacetic  acid. 
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(a.)  Normal  acids  of  the  acetic  series  |  (QOOlly^^^*^ 


ACIDS. 

Formulae. 

Fusing  Pt. 

Boiling  Pt. 

op.  Kxl, 
0  p 

Molecular 
Weight. 

o  p_ 

°  C 

O 

Formic  acid 

H(COOH)* 

33-8 

1 

212-0 

100 

1-23  at  16 

SO 

(Metliylic  acid) 

CHj(COOH)t 

Acetic  acid  . 

62-6 

17 

242-6 

117 

1-002  at  20 

60 

(Etliylic  acid) 

Propionic  acid  . . 

CaH^CCOOH) 

285-8 

141 

■996  at  19 

74 

(Propylic  acid) 

C.H,(OOOH) 

be 

low 

Butyric  acid 

—4 

-20 

321-8 

161 

-981  at  0 

88 

(Tetrylic  acid) 

Valeric  acid 

U.iilo(CJUUH) 

347-0 

175 

-  957  at  0 

102 

(PcJitylic  acid) 

Caprolc  acid 

CsHiiCOUUll) 

41-0 

5-0 

388-4 

198 

-943  at  0 

116 

(Hoxylic  acid) 

413-6 

Oiniinthylic  acid 

CcH.aCCOOH) 

212 

-934  at  0 

130 

(Ilcptyllc  acid) 

456-8 

Caprylic  acid    . . 

CjHisCCGOH) 

67-2 

14-0 

236 

144 

(Octylic  acid) 

Polargonic  acid  . 

OsH^CCOOH) 

64-4 

18 

500-0 

260 

•9065  at  17 

1  fiR 
XOo 

(Noiiyllc  acid) 

Capric  acid 

C„H,o(COOH) 

86-0 

30 

172 

(Uutic  acid) 

Laurie  acid 

C,aH,.(OOOH) 

110-4 

43-6 

200 

Myrlstio  acid   . . 

Ci3Ha7(C00H) 

128-8 

53-8 

228 

Palmitic  acid  . . 

Ci,H.,i(COOH) 

143-6 

62-0 

256 

Margarlc  acid  . . 

C,„H,,a(COOH) 

140-0 

60-0 

1-01  atO 

258 

Stearic  acid 

G„H„3(C00H) 

ISG-S 

69-2 

284 

Arachidic  acid  .. 

CiaH;io(COOH) 

167-0 

75-1 

Bolienio  acid 

C,,H*3(C00H) 

168-8 

76-0 

340 

Hyasnaslc  acid  . . 

C2.in.i^(cooH) 

170-6 

77-0 

410 

Corotic  acid 

C,oH,3(COOH) 

172-4 

78-0 

Melissic  acid  .. 

CaaHsaCCOOH) 

190-4 

88-0 

452 

Remarks, 


See  page  700. 
Seepage  701. 
See  page  704. 
See  page  704. 
Seepage  704. 
See  page  706. 
See  page  706. 


Occurs  as  a  glycerldo 
butter  of  cow's  milki 
cocoa  nut  oil. 

Occurs  in  the  leaves 
geranium,  and  ma^b 
pared  by  the  action  of 
acid  on  an  oil  of  ra6. 

Occurs  as  a  glycerldfl  ii 
ter,  and  also  in  C6C(i 
oil,  and  in  fusel  olL 
be  prepared  by  the  i 
tion  of  oleic  acid. 

Occurs  as  a  glyceride  1 
fats  of  the  bay  tree,; 
rim  beans,  cocoa  ir 
spermaceti,  etc. 

Occurs  as  a  glyceride  ii 
meg  butter,  cocoa  n 
spermaceti,  and  otabt 

See  page  706. 

See  page  706. 

See  page  706. 

A  white  crystalline 
pared  bythesapoi 
of  the  oil  of  the  ekr 
(arachis  hypogasa), 

A  white  crystalline  fa 
pared  by  the  saponifi 
of  oil  of  ben. 

Prepared  from  cerin 
that  portion  of  bees 
soluble  in  boiling  ali 
or  from  Chinese  was 
produced  on  certain 
China  by  the  puno^ 
species  of  coccus. 

Prepared  by  heating 
alcohol  with 
drate. 


f 


»  The  radical  CCCnH^n  +  JHa  in  formic  acid  is  replaced  by  H. 
t  The  value  of  the  n  in  the  general  formulre  for  acetic  acid  =  0. 

Natural  History  {General).— M'awy  of  these  acids  are  met  with  in 
nature  in  a  free  state,  e.g.,  formic  acid  is  found  in  ants  and  in  nettles, 
valeric  acid  in  valerian  root,  etc.  Certain  of  them  occur  naturally  as 
ethereal  salts,  such  as,  e.g.,  cetylic  palraitate  iu  spermaceti,  glyceric 
stearate  in  beef  and  mutton  fat,  glyceric  palmitato  in  palm  oil,  etc. 
(Hence  the  reason  these  acids  are  called  the  fatty  series  of  acids.) 
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Preparation  (General)  : — 

(1.)  From  the  corresponding  primary  alcohols.  By  simple  oxidation  ; 
such  as  by  exposure  to  air  on  platinum  black,  by  beating  with  a 
aolution  of  chromic  acid,  etc., 

CH3.CH2OH      +      O2      =      CH3.COOH      +  H2O. 

Ethylic  alcohol       +    Oxygen    =         Acetic  aoid         +  "Water. 

(2.)  From  the  corresponding  aldehydes.    By  oxidation  : — 

CH3.COH        +        0        =  CH3.COOH. 

Acetic  aldehyde        +      Oxygen      =  Acetic  acid. 

(3.)  From  the  cyanides  of  the  hydrocarbons  CnHjn+j.  By  the  action 
upon  them  either  of  acids  or  alkalies  : — 

(a.)  C^Ho^+i,CN  +  2HoO  +  HCl=  C^H2^^i,(COOH)  +  NH4CI. 

(i3.)  C.Ho^.i.CN  +  H^O  +  KHO  =  C„H2,,i,(C00K) +NH3. 

[The  cyanides  are  formed  by  the  action  of  potassic  cyanide  on  a 
lialoid  derivative  of  a  hydrocarbon,  and  in  some  cases  by  distilling 
potassic  cyanide  with  the  potassic  salts  of  the  sulphonic  acids.] 

(4.)  By  the  action  of  carbonic  anhydride  on  a  compound  of  the 
alcohol  radicals  of  ■  the  methyl  series  with  potassium  or  sodium. 
Thus  :— 

CH3Na       +       CO2       =  CH3.C0(0Na). 
Sodium  methide    +      Carbonic      =  Sodium  acetate, 

anhydride 

(5.)  By  the  action  of  water  on  the  corresponding  acid  chlorides. 
Thus : — 

C2H3OCI     +    HgO   =         HCI         +  CH3.COOH. 
Acetyl  chloride    +    "Water    =    Hydrochloric  acid    +       Acetic  acid. 

General  Reactions  of  the  Acids  of  the  Acetic  Series. 

1.  "When  these  acids  are  submitted  to  electrolysis,  the  nascent 
oxygen  evolved  from  the  positive  pole  sets  free  the  radical  and  resolves 
the  carboxyl  into  water  and  carbonic  anhydride  (2(CH3.CO.OH)  + O 
=  (CH3)2  +  2C02  +  H20). 

2.  When  the  ammonic  salt  of  these  acids  is  heated  with  phosphoric 
anhydride,  the  salt  parts  with  its  water,  and  forms  a  nitrile  or  cya- 
nide of  the  alcohol  radical  next  below  it.    Thus  : — 

CHg.COCONH^)  +     2P20g     =     CH3(CN)'"    +  4HPO3. 
Ammonic  acetate    +    Phosphoric    =    Methylic  nitrile    +  Metaphosphoric 
anhydride  acid. 

3.  By  distilling  the  potassic  salt  of  an  acid  of  the  acetic  series  with 
an  equivalent  quantity  of  potassic  formate,  the  acid  is  converted  into 
the  aldehyde.    Thus  : — 

CIl3C0(0K)  +  HCO(OK)  =  CH3COH+  K.COs 
Potassic  acetate     +     Potassic  formate    =       Acetic     +  Totassic 

aldehyde  carbonate. 

Wiicii  Ihiri  aldeliydc  is  treated  with  nascent  hydrogen  it  is  con- 
verted into  a  primary  alcohol. 
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4.  By  the  distillation  of  the  dry  baric  or  calcic  salt  of  an  acid,  a 
ketone  is  formed.    Thus  : — 

Ca(C2H302)2       =       CO(CH3)2      +  C /CO.,. 

Calcic  acetate  =  Acetone  +         Cilcic  carbonate. 

When  the  ketone  is  treated  with  nascent  hydrogen  it  is  converted 

into  a  secondary  alcohol. 

5.  By  heating  the  acids  and  the  alcohols  together  in  sealed  tubes, 
the  compound  ethers  are  formed  {see  page  694). 


We  now  proceed  to  examine  the  acids  in  detail. 

Formic  Acid  (HC00H)=(CH20a).  Molecular  weight,  i6.  Specific 
gravity  of  liquid,  1-23.  Fuses  at  33-8°  F.  (1°C.),  and  boils  at  212°  F, 
(100°  C). 

Synonyms. — Methylic  acid ;   Hydric  formate. 

Natural  History. — It  constitutes  the  active  principle  of  the  stinging 
matter  of  ants,  nettles,  etc. 

Preparation. — (1.)  By  the  oxidation  of  methylic  alcohol: — 

CH3(0H)      +02=     H(COOH)     +  HoO. 
Methylic  alcohol     +       Oxygen       =       Formic  acid      +  Water. 

(2.)  By  the  oxidation  of  numerous  organic  bodies,  such  as  gum, 
sugar,  starch,  etc. 

[Formic  acid  may  be  conveniently  prepared  by  distilling  cautiously 
and  in  a  large  retort  a  mixture  of  sugar  (1  part),  manganese  dioxide 
(2  parts),  water  (6  parts),  and  sulphuric  acid  (3  parts).  This  distillate 
must  be  neutralized  with  carbonate  of  soda,  the  resulting  crystalline 
sodium  formate  being  decomposed  with  sulphuric  acid.  From  this  a 
solution  of  formic  acid  may  be  obtained  by  distillation.  The  an 
hydrous  acid  may  be  prepared  by  saturating  the  solution  so  prepared 
with  lead  oxide  and  decomposing  the  dried  lead  formate  with  dvft 
sulphuretted  hydrogen.] 

(3.)  By  the  action  of  heat  on  oxalic  acid.  (The  acid  should  in 
the  first  place  be  mixed  with  sand  or  glycerine.) 

C2H2O4      =     H(COOH)     +  CO2 
Oxalic  acid       =       Formic  acid       +    Carbonic  anhydride. 
(4.)  By  the  action  of  water  vapor  and  carbonic  anhydride  on  potas- 
sium, the  potassic  salt  of  formic  acid  is  produced. 

Ks     +     2CO2    +    H2O   =     HCO(KO)     +  KHCO3. 
Potassium  +    Carbonic    +    Water    =    Potassic  formate    +    Hydnc  potassic 
anhydride  carbonate. 

(5.)  When  silent  electrical  discharges  are  passed  through  a  mixture 
of  hydrogen  and  carbonic  anhydride,  traces  of  formic  acid  are  said 
to  be  produced.  (Brodie.) 

(6.)  By  the  action  of  potassic  hydrate  (a)  on  chloroform,  (/3)  on 
carbonic  oxide,  and  (y)  on  hydrocyanic  acid. 


ACETIC  SERIES.  701 

CHCI3    +  4KH0  =     HCO(KO)     +    3KC1    +  2H2O. 
Chloroform    +    Potassic    =    Potassic  formate    +    Potassic    +  "Water, 
hydrate  chloride 

^jl)  CO  +         KHO         =  HCO(OK). 

Carbonic  oxide     +     Potassic  hydrate     =     Potassic  formate. 

(y.)  HCN       +     KHO     +     HgO     =HCO(OK)+  NH3. 
Hydrocyanic     +     Potassic     +     Water     =      Potassic     +  Ammonia, 
acid  hydrate  formate 

Properties. — (a.)  Physical.  The  anhydrous  acid  is  a  colorless,  in- 
fflammable,  corrosive  liquid,  burning  with  a  blue  flame.  The  vapor 
thas  a  very  penetrating  odor.  Sp.  Gr.  1-23.  When  cooled  to  below 
c32°  F.  (0°  C.)  it  forms  briUiant  tabular  crystals.  It  boils  at  212°  F. 
(100°  C).  It  dissolves  in  water  freely,  the  solution  having  a  very 
«acid  reaction.  It  decomposes  carbonates  readily.  By  the  action  of 
i  alcohol  it  may  be  partially  converted  into  ethyl  formate. 

(j8.)  Chemical.  With  sulphunc  acid,  formic  acid  breaks  up  into 
1  water  and  carbonic  oxide  (CH202=H20  +  CO)  ;  with  strong  bases  it 
< forms  oxalic  acid,  hydrogen  being  evolved  (2HC0(0H))  +  BaO  = 
(C202(Ba02)  +  Ho  +  HoO).  With  chlorine,  it  forms  hydrochloric  acid 
tand  carbonic  anhydride  (HC0(0H)  +  Cl2  =  2HCI  +  CO2)  ;  with  water, 
iit  forms  a  hydrate  (CH2O2  +  HgO)  which  remains  liquid  at  low  tem- 
peratures. 

Formic  acid  is  a  powerful  reducing  agent.  Thus  it  converts  mer- 
( curie  chloride  into  mercurous  chloride  (calomel),  and  reduces  metallic 
I  mercury  when  mixed  with  mercuric  oxide,  metallic  silver  from  the 
unitrate,  etc.  (HCO(OH)  +HgO  =  COa  +  Hg  +  HgO).  This  reducing 
I  action  of  formic  acid  on  metallic  salts,  distinguishes  it  from  all  other 
I  acids  (such  as  acetic  acid)  of  this  group.  It  is  also  a  powerful  anti- 
septic, preventing  putrefaction. 

It  forms  salts  called  formates,  all  of  which  are  soluble,  and  may  be 
( expressed  by  the  formuljB,HC02.M';  (HC02)2M"  ;  (HC02)3M'",  etc. 

Acetic  Acid  =  (C2H4O2  =  CH3(C00H)).  Molecular  weight,  60. 
Spedfic  gravity,  1-063.  Fuses  at  62-6°  F.  (17°  C),  and  boils  at  246-2°  F. 
((119°C.). 

Synonyms. — Ethylic  acid;  Hydric  acetate;  Spirits  of  vinegar. 
Natural  History. — ^It  occurs  in  small  quantities  in  animal  fluids,  and 
I  also  in  the  juices  of  plants. 

Preparation. — (1.)  By  the  general  processes  already  described  (page 
699). 

(2.)  It  is  also  produced  during  the  destructive  distillation  of  wood 
{see  page  597)  ;  and 

(3.)  During  the  (so-called)  acetous  fermentation. 

[In  Germany  vinegar,  which  contains  0  to  15  per  cent,  of  pure  acetic 
« acid,  is  prepared  by  mixing  dilute  alcohol  with  a  little  yeast  and 
« allowing  the  mixture  to  flow  over  wood  shavings  steeped  in  vinegar, 
t  the  whole  being  exposed  to  a  free  current  of  air.    Another  method  is 
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by  placing  some  vinegar  in  a  large  empty  cask,  to  which  free  access 
of  air  is  permitted  at  a  temperature  of  35°  C.  Wine  is  added  at 
intervals  so  soon  as  the  spontaneous  acidification  of  the  previous 
addition  has  been  eSected.  English  vinegar  is  made  from  a  malt 
beer  (without  hops)  by  its  passage  through  a  vat  filled  with  bundles 
of  twigs,  an  arrangement  being  made  for  a  free  current  of  air  through 
the  vat.  AH  these  oxidation  processes  are  assisted  (to  say  the  least) 
by  the  presence  of  the  Mycoderma  aceti.  A  little  sulphuric  acid  is 
added  to  the  finished  article  to  prevent  "mothering."']  .  ^ 

Glacial  acetic  acid  (CgH^Oa)  is  prepared  by  distilling  sodic  acetate 
with  concentrated  sulphuric  acid. 

Properties. — Acetic  acid  is  a  colorless,  pungent,  corrosive  liquid, 
solidifying  to  a  white  crystalline  mass  at  62*6°  F.  (17°  C.)  and 
boiUng  at  246*2  F.  (119°  C).  Sp.  Gr.  1-063.  The  vapor  is  inflam- 
mable. 

Its  vapor  density  exhibits  an  anomalous  behaviour.  Thus,  at  a,^ 
very  high  temperature,  its  vapor  has  a  normal  density  of  30,  or  half 
its  molecular  weight  (Mol.  Wt.  60),  whilst  at  a  few  degrees  above  its 
boiling  point,  the  vapor  has  the  abnormal  density  of  45.  This  is 
explained  by  supposing  that  at  the  lower  temperature  the  vapor  is 
not  a  true  gas,  but  commences  at  this  low  temperature,  so  to  speak, 
to  behave  as  a  liquid. 

It  mixes  with  alcohol,  ether,  and  water,  in  all  proportions.  On  the 
addition  of  water  its  specific  gravity  rises,  until  the  proportions  corre- 
spond to  a  hydrate  of  the  formula  C2H40g,H20.  By  adding  more  water 
the  specific  gravity  sinks.  The  acid  dissolves  camphor,  etc.  When 
potassic  acetate  is  distilled  with  arsenious  oxide,  it  yields  the  fetid 
inflammable  body  called  arsendimethyl  or  kakodyl  (As2(CH3)4).  , 

Metallic  Salts  of  Acetic  Acid. 

Of  these  the  following  are  the  most  important  :— 


Names. 

Potassic  acetate,  normal . . 

acid 

Sodic  acetate  

Ammonic  acetate,  neutral 
acid  .. 


Formulae. 

KCjHjOj 
KC,H305,C,H,0, 

NaC^HsOajSHjO 

KH^CaFjOj 

NH,C,H30„C,H,0, 


Remarks. 


A  deliquescent  salt,  soluble 

in  water  and  alcohol. 
Decomposes    at    392°  F. 

(200°  C),  giving  ofE  the 

glacial  acid. 
Melts  at  550-4°  F.  (288°  C); 

decomposes  at  599°  f> 

(316°  C). 
Spiritus  Mindcreri  is  the 

aqueous  solution  of  this 

salt. 

Prepared  as  a  crystalline  sub- 
limate by  heating  a  mix- 
ture of  ammonium  chloride 
and  potassium  acetate. 
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Names. 


uibic  acetate,  normal. , 
(Sugar  of  lead) 

basic 

;piic  acetate,  normal   . . 

,,  basic  (veidigris)  | 

Ivor  acetate   

iuminic  acetate,  neutral 


basic . 


ous  acetate 
lerric  acetate  . 
one  acetate 


FormiilsB. 


Pb"(C,H30,),3FjO 

2Pb"(C2H30j)3.PbO 

Pb"(C2E302),2PbO 
Cu"(0  H3U,),+  aq 
2Cu"(C„H3U2)2GuO,6HaO 

(Ayvi(C,H30,), 


Zn"(C,H30J,2H,0 


Eemarks. 


Prepared  by  dissolving  IL- 
tbarge  in  acetic  acid. 

The  solution  constitutes 
goulard  water. 


Much  used  in  calico  print- 
ing, the  acetic  acid  t  scap- 
ing at  a  moderate  heat.  Pre- 
pared by  mixing  solutions 
of  lead  acetate  and  alum. 


Further  important  derivatives  of  acetic  acid  are  stated  in  the  fol- 

Derivatives  of  Acetic  Acid. 


swing  table 


Names. 


ilio  acetate  . . 
;  c  acetate  . . 
Acetic  ether). 


: e  acetate  . .  . 
c  chloride  . .  . 
I'etyl  chloride). 

s  anhydride 

p  peroxide  ..  . 
hloracetic  acid. 


■racetlc  acid 
■loiBcetic  acid 


iromacctic  acid, 
vnacetic  acid 

macetic  acid  . 
Wlo  acid     . .  . 

.  tic  acid  . .  . 
linlde  


loacetlc  acid..  .. 
»ocine,  Glycocol). 
(1  glycoclno . .  . . 
!(8arcoclne). 


Formulsa. 


CHjCOCOCHa) 
CHaCOCOGaHj) 


CHaCOCOOsHii) 
CH3COCI 


CH3CO  I  o 
CH3CO  ]  " 

CH3COO  ) 
CH3COO  J 
CH„C1.C00H 


CHClaCOOH 
CCla.COOH 


CHjBrCGOH 
CHBr,COOH 
CBraCOOH 
CHaCOCSH) 

CHjICOCOH) 
CHaCOCNHa) 


CHa(NHa)CO(OH) 
C3H,II0a 


Sp.  Gr. 


0-9562 
0-890 


1-5218 


1-617 
of  fused 
acid, 


Boiling  Ft. 


°  P.     °  C, 


131- 
170- 


300-2 
131-0 


280-4 

366-8 

221-0 
390-2 


203-0 
429-8 


55-5 
77-0 


149-0 
55-0 


138-0 

186-0 

105-0 
199-0 


95-0 
221-0 


Remarks. 


Soluble  in  alcohol,  water,  and  ether. 

With  ammonia  It  yields  acetamide. 
Hydrogen  is  said  to  be  evolved 
vrhen  ethylic  acetate  is  heated  with 
sodium. 

Odor  of  Jargonelle  pear. 

A  colorless  liquid,  decomposed  by 
water.  Prepai-ed  by  the  action  of 
PCI5  on  glacial  acetic  acid. 

A  heavy  oil ;  prepared  by  the  action 

of  acetyl  chl  oride  on  potassic  acetate 
Prepared  by  the  action  of  BaO^  on 

acetic  anhydride. 
Prepared  by  the  action  of  chlorine  on 

glacial  acetic  acid   in  sunlight. 

A  solid  body,  melting  at  147  2°  F. 

(61°0.). 

Prepared  by  exposing  monochloracetio 
acid  to  the  action  of  dry  chlorine. 
A  liquid. 

Prepared  by  exposing  a  little  of  the 
crystallized  acid  in  a  bottle  of 
chlorine  to  sunlight  for  several 
hours.  A  solid  body,  melting  at 
114-8°  P.  (46°  0.). 

These  acids  are  prepared  by  heating 
bromine  with  glacial  acetic  acid  in 
sealed  tubes. 

Prepared  by  distilling  together  acetic 
acid  and  P2S5.  A  colorless  liquid. 

A  solid,  melting  at  172-4°  P.  (78°  C). 
Prepared  by  the  distillation  of  am- 
mouic  acetate.  It  combines  with 
acids,  and  yields  metallic  derivatives 

A  solid,  formed  by  the  action  of  am- 
monia on  bromacctic  acid. 

Prepared  either  by  digesting  ethyl 
chloraootate  with  an  excess  of  a 
concentrated  solution  of  metliyl- 
amine,  or  by  boiling  kreatine  with 
baryta  water. 


r 
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Propionic  Acid  (C3He02=C2H6COOH).     Molecular  weight,  74. 
Boils  at  284°  F.  (14°  C). 

Synonyms. — Methaceiic  acid  ;  Fropylic  acid.  1 

Preparation. — (1.)  By  the  general  methods  already  described  (p.  699) 
[It  is  usually  prepared  by  the  action  of  acids  or  alkalies  on  ethylcyanide.] 

(2.)  By  the  action  of  hydriodic  acid  on  lactic  or  glyceric  acids 
(C3H6O3  +  2HI= CaHfiOe  +  H^O  + 1,). 

(3.)  By  the  fermentation  either  of  glycerine  or  of  sugar  with  putrid 
cheese,  in  the  presence  of  calcic  carbonate. 

Properties. — A  colorless  liquid,  boiling  at  284°  F.  (140°  C).    It  is 
soluble  in  water.    It  forms  salts  called  propionates. 

Butyric  Acid  {CiYl^0.2=0^B.^{C00R)  ).  Molecular  weight,  88. 
Specific  gravity  of  liquid,  0-9886.  Fuses  below  -4°  F.  (  -20°  C).  Boils 
at  321-8°  F.  (161°  C). 

Synonyms. — Ethacetic  acid  ;  Diethacetic  acid ;  Tetrylic  acid. 

Natural  History. — It  is  found  in  butter,  in  tamarinds,  in  variom 
animal  secretions,  in  various  kinds  of  decomposing  animal  andvegetabli 
matters,  etc. 

Varieties. — The  acid  is  known  in  two  isomeric  conditions  ;  viz.,  as 
normal  butyric  acid  (CHs.CHg.CHo-CCOOH)),  and  as  isobutyric  ack 
CH(CH3)„(C00H).  They  are  both  colorless  liquids,  and,  when  heated 
yield  acetic  acid  and  carbonic  anhydride.  "( 
Preparation  oj  (a)  normal  butyric  acid. — (1.)  By  the  oxidation  0: 
normal  butylic  alcohol  (CH2.CH2.CH3.CH2.OH). 

(2.)  By  the  fermentation  of  sugar  with  cheese  and  chalk,  the  latte 
being  added  to  neutralize  the  acid  as  fast  as  it  is  formed. 

Properties.— Ki  32°  F.  (0°C.)  it  has  a  Sp.  Gr.  of  0-981.  It  boils  a 
323-6°  to  325-4'^  F.  (162°  to  163°  C). 

Preparation  of  (/3)  isobutyric  acid. — By  the  oxidation  of  isobutyli 
alcohol  (CH(CH.02CH2OH). 

Properties.— At  0°  C.  it  has  a  Sp.  Gr.  of  0-959.  It  boils  at  309-2°  F 
(154°  C).  It  is  more  easily  decomposed  by  heat  and  has  a  less  dis 
agreeable  odour  than  the  normal  acid. 

Valeric  Acid,  C5Hio02=C4H9.(COOH).    Molecular  Weight,  10. 
Sp.  Gr.  of  liquid,  0-937.    Boils  at  347°  F.  (175°  C). 
Synonyms. —  Valerianic  acid ;  Pentylic  acid. 
Natural  History. — It  is  found  in  valerian  root,  in  the  berries  of  tli 
guelder  rose,  and  in  many  other  plants. 

Varieties. — It  exists  in  four  isomeric  states,  viz. — 
(a.)  Normal  valeric  or  valerianic  acid  (propylacetic  acid) — 

CH3.CH2.CH2.CH2.(COOH). 
Preparation.  —  By  the  oxidation  of  normal  amylic  alcohol. 
Properties.  —  An  oily  liquid,  having  an  acid  taste,  burning  with 
smoky  flame,  and  boiling  at  365°  F.  (185°  C).     It  has  a  spaci^i 
gravity  of  0-9577  at  32°  F.  (0°C.). 
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(13.)  7so-m/m'c  ac/d  (iso-propylacetic  acid)  CH(CH3)2.Cri2.(COOII). 

Preparation.— By  the  oxidation  of  iso-amylie  alcoliol. 

Properties.— A  liquid  boiling  at  347°  F.  (l75°  C).  It  has  a  specific 
gravity  at  0°  C.  of  0-9468. 

(7.)  The  third  modification  of  this  acid  has  not,  as  yet,  been  pro- 
pared.  Its  suggested  formula  is  CH(CH3)(C2H5)CO.(OH)  (meth- 
ethacetic  acid).  Unlike  the  other  acids,  it  rotates  a  ray  of  light  to 
the  right. 

(S.)  Tertiary  valeric  acid  (trimethacetic  acid)  C(CH3)3(COOH.). 
Preparation.— Yrom  tertiary  butylic  alcohol. 

Properties. — A  white  crystalline  body,  melting  at  95°  F.  (35°  C), 
and  boiling  at  321-8°  F.  (161°  C). 

Valeric  acid  forms  metallic  and  ethereal  salts,  called  valerates,  and 
also  substitution  compounds,  such  as  chlorovaleric  acid  (C5H7CI3O2). 

Caproic  Acid,  C6Hi202=C5Hii.(COOH).  Molecular  Weight,  116. 
Sp.  Gr.  at  32°  F.  (0°  C.)  0-943.  Solidifies  at  15-8°  F.  (-9°  C).  Poils  at 
388-4°  F.  (198°  C). 

Synonym. — Hexylic  acid. 

Natural  History. — It  occurs  as  a  glyceride  in  the  butter  of  cows' 
milk,  and  also  in  cocoa-nut  oil. 

Preparation. — (1.)  By  the  action  of  alkalies  on  amyl  cyanide 
(C5H11.CN). 

(2.)  By  the  oxidation  of  poppy  oil,  of  casein,  and  of  many  fatty 
acids. 

(3.)  By  the  saponification  of  cocoa-nut  oil,  and  distilling  the  soap 
formed  with  dilute  sulphuric  acid. 

Properties. — A  clear  oil.    It  forms  salts  called  caproates. 

Leucine,  or  Amido-caproic  acid,  CgH^gNOzj  o^"  CgHii(NH2)02,  is 
formed  by  the  decomposition  of,  or  by  the  action  of  acids  and  alkalies 
on,  various  animal  substances.  It  may  be  obtained  by  the  action  of 
ammonia  on  bromo-caproic  acid.  It  consists  of  volatile  crystalline 
scales,  which  melt  at  212°  F.  (100°  C.\ 

(Enanthylic  Acid,  C7H14O2,  or  C6Hi3(COOH).    MoUcidar  weight, 
130.    Sp.  Gr.  at  32°  F.  (0°C.)  0  934.    Boils  at  413-6°  F.  (212°  C). 
Synonym. — Heptylic  acid. 

Preparation. — By  the  oxidation  either  of  castor  oil  or  of  oenanthylic 
aldehyde  (C7H14O),  a  body  ^obtained  from  castor  oil  by  dry  dis- 
tillation. 

Palmitic  Acid,  C1BH32O2,  or  Ci5H3i(COOH).  Molecular  weight, 
256. 

Natural  History. — It  occurs  in  many,  if  not  in  most  natural  fats, 
as  a  glyceride,  associated  with  stearin,  as,  e.g.,  in  palm  oil,  as  glyceric 
palmitate  ;  in  spermaceti,  as  cetyl  palmitate  ;  in  bees'  wax,  as  myricyl 
palmitate  (melissin),  etc. 
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Preparation. — (1.)  By  saponifying  palm  oil,  and  decomposing  the 
soap  formed  with  sulphuric  acid. 

(2.)  By  melting  oleic  acid  with  potassic  hydrate. 

Projjej-Hes. — A  colorless,  odorless,  tasteless  body,  insoluble  in  water. 
It  forms  normal,  and  in  some  cases  (as  with  K  and  Na)  acid  metallic 
salts  (M'CieHgiOa,  or  M"(Ci6H3i02)2.)  It  also  forms  ethereal  salts, 
such  as  glyceryl  palmitates  or  palmatins. 

Margaric  Acid,  Ci^Hg^Os,  or  CisHaaCCOOH).  Molecular  weight, 
258. 

History. — -This  name  was  originally  applied  to  an  acid,  obtained  by 
the  saponification  of  natural  fats.  It  is  now  proved,  however,  that 
what  was  originally  called  margaric  acid,  is  a  mixture  of  stearic 
with  palmitic  or  other  acids.  The  name  margaric  acid  is  applied, 
however,  to  an  acid  produced  by  the  following  reaction. 

Preparation. — By  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  on  cetyl  cyanide,  the  resulting  potassium  salt  being  decom- 
posed with  dilute  hydrochloric  acid. 

'  Stearic  Acid,  Ci8H360„=CnH35(COOH).    Molecular  weight,  284. 

Natural  History. — A  constituent  of  solid  animal  fats,  such  as  suet, 
Always  occurs  in  nature  as  a  glyceride  in  conjunction  with  palmitic 
acid.  It  is  also  found  in  certain  vegetable  fats,  such  as  the  fat  of 
cacao  beans,  the  berries  of  the  cocculus  Indicus,  etc. 

Preparation. — The  fat  is  first  saponified  with  an  alkali,  and  the 
compound  so  formed  decomposed  by  heating  with  dilute  sulphuric 
acid.  The  free  acid  is  then  dissolved  in  alcohol  and  crystallized.  It 
may  be  separated  from  the  palmitic  acid  accompanying  it  as  an  in- 
soluble magnesic  stearate. 

Properties. — A  white  crystalline  body,  melting  at  156-5°  F.  (69*2°  C). 
Distils  unchanged.  Forms  ethereal  salts,  and  also  metallic  salts  called 
stearates,  most  of  which  are  insoluble. 

See  Supplementary  Chapter  for  Fats,  Oils,  etc. 

Lactic  Series. 

Series  I.  {a.)— Formula  C^H2^(0H)C00H. 
The  acids  of  this  series  are  monobasic  dihydric  acids.    They  are 
derivatives  of  the  acetic  acid  series,  one  hydrogen  being  replaced 
by  one  semi-molecule  of  hydroxyl.    Thus — 

CnH2,,iC00H  -  C,H2,(0H)C00H. 

Acid  of  acetic  series  —  Acid  of  lactic  series. 

Varieties. — (Each  variety  includes  both  normal  and  iso-acids.) 

1.  Primary  acids        <  CO  OH 

2.  Secondary  acids      |  ^CCn^ii+i)2-0II 

3.  Primary  olefine  acids  CnHg^  |  CO^OH^ 
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4.  Secondary  olejine  aacls  Uuilgn  <  qq  qjj 

■  7       TT    f  C(CnH2^  +  ,)20H 

5.  Tertiary  olejine  acids  CnHon  j  qq  qjj 

The  following  acids  belong  to  the  lactic  series  : — 


Name. 


Carbonic  acid 
Gly  collie  acid 
Lactic  acid 

Oxybutyrie  acid  (Buty lactic  acid) 
Oxyvaleric  acid  (Valero-lactic  acid) 
Oxy-capTOiic  acid  (leucic  acid)  . . 
Amyliydro-oxalic  acid  . . 
Diamyloxalic  acid 


Formula. 


CO{OH)„ 

(CH,OH)(COOH)  =C2H,03 

C,H,(OH)(COOH)  =C3H60, 
C3H6(OH)(COOH) 


C4H8{OH)(COOH) 
C5H,„(0H)(C00H) 

C6H,,(OH)(cooH)  =c;h;;o 
c  - 


=  C^HgOg 

=  C5H,(,03 

=  CgH,20, 


fl,,(OH)(COOH)  =C,,H,,03 


Mole- 
cular 
Wt. 


62 
76 
90 
114 
128 
1S2 
146 
216 


General  Preparation  of  the  Normal  Acids  of  the  Lactic  Series. 
(1.)  From  the  glycols  (i.e.,  a  dihydric  alcohol,  such  as  C2H4,(HO)2 
(glycol)).    By  oxidation  with  nitric  acid,  platinum  black,  etc, 

CH2(0H).(CH20H)    +    02    =    CH2(0H)(C00H)  +  'H^O. 

Glycol               +  Oxygen  =           GlycoUic  acid  +  Water. 

(2.)  From  the  monochlorinated  or  monobrominated  acids  of  the  acetic 
series.    By  the  action  of  argentic  hydrate. 
CoH.CKCOOH)    +    AgHO    =    C2H4(OH)(COOH)  +  AgCl. 

Chloropropionic  acid     +    Argentic     =              Lactic  acid  +  Argentic 

bydrate  cbloride. 

(3.)  From  the  amidated  derivatives  of  the  acids  of  the  acetic  series.  By 
the  action  of  nitrous  acid. 

CH2(NH2)(COOH)  +  HNO2  =  CH2(0H)(C00H)+  H2O  +  N2. 

Amidoacetic  acid       +  Nitrous   =        Glycollic  acid        +  "Water  +  Nitro- 

acid  gen. 

(4.)  From  the  ketones  and  aldehydes  of  the  acetic  series.  By  first 
digesting  these  bodies  with  hydrocyanic  acid,  and  acting  on  the 
resulting  cyanides  with  dilute  hydrochloric  acid. 

(5.)  The  acids  may  be  prepared  as  potassium  salts,  by  the  action  of  a 
solution  of  potassic  hydrate  on  the  cyanides,  or  on  the  acid  chlorides 
of  the  monochlorinated  acids  of  the  acetic  series. 

(6.)  They  may  be  prepared  as  ethylic  salts  of  the  secondary  acids,  by 
the  action  of  the  zinc  organo-metallic  compounds  on  ethylic  oxalate 
and  the  subsequent  addition  of  water. 

^"■>  \  C0.0C,H;+2Zn(C„H,„+.)  -  |  f.^  ^  Zn  |  oC.H^+i 

Etbylic  oxalate  +  Zinc  compound. 

{  cStJc^Hf"^^^''^"'^'"  ^    +  22.0=  j  ^jj^'J^'^jf ')^^^^)+Zn(0H),+C„H,„+3 

Secondary  acid. 

z  z  2 
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Properties  {General). — All  the  acids  of  the  lactic  series  furnish  metallic 
salts  by  their  action  on  metallic  carbonates  ;  ethereal  salts,  by  their 
action  on  alcohols  ;  acid  chlorides,  by  their  action  on  phosphoric 
chloride  ;  acids  of  the  acetic  series,  by  their  action  on  hydriodic  acid  ; 
and  either  anhydrides  or  acids  of  the  acrylic  series,  by  the  action  of 
heat. 

Carbonic  Acid ;  C0(0H)2  =  H2CO3.   The  constitution  of  this 

acid  allies  it  to  the  lactic  series,  but  unlike  the  other  acids  of  the 
series  it  is  dibasic. 

We  need  only  note  here  that  it  forms  : — 

(a.)  Ethereal  Salts,  such  as,  e.g.,  ethyUc  carbonate  (C2Hg)2C03. 
This  is  prepared  by  the  action  of  argentic  carbonate  on  ethylic  iodide 
(AggCOg  +  2C2H6I  =  2AgI  +  (C2Hg)2C03).  Ethylic  carbonate  is  a 
colorless  liquid,  boiling  at  257°  F.  (125°  C).  Derivatives  of  this  ether 
are  known  where  the  oxygen  is  wholly  or  partially  replaced  by 
sulphur,  as,  e.g. — 

Mthylic  monosxdphocarbonic  acid     ...        ...  (C2Hg)H.C02S. 

Ethylic  disxilphocarbonic  acid  (xanthic  acid)  (C2Hg)HCOS2. 

JEthylic  trisulphocarbonic  acid       ...        ...  (C2Hg)HCS3. 

(/3.)  Amidogen  Derivatives,  as,  e.g.,  carbamic  acid  C0(NH2)(0H),  and 
carbamide  (or  urea)  CO(NH2)2  from  which  latter  body  many  compound 
ureas  may  be  formed  by  the  introduction  of  hydrocarbon  groups  in  the 
place  of  hydrogen.  When  the  oxygen,  moreover,  is  replaced  by 
sulphur,  sulpho -carbamide  or  sulpho-urea  (CS(NH2)2)  is  formed. 

Glycollic  Acid  {mono-oxy-acetic  acid)  ((CH20H)(COOH)=C2H403). 
Molecular  iveight,  76.  Melts  at  176°  F.  (80°  C).  Boils  at  212°  F. 
(100°  C). 

Preparation.  —  (1.)  By  the  general  processes  already  described 
(page  707). 

(2.)  By  the  action  of  nascent  hydrogen  on  oxalic  acid : — 
(COOH)(COOH)  +     2H2     =  (CH20H)(C00H)    +  H2O. 
Oxalic  acid  +   Hydrogen  =         Glycollic  acid  +  Water. 

Properties. — These  vary  somewhat  according  to  the  preparation.  A 
white  crystalline  soHd,  soluble  in  water,  in  alcohol,  and  in  ether. 
Decomposed  by  a  heat  of  302°  F.  (150°  C).  Yields  oxalic  acid  by 
oxidation,  and  paramalic  acid  by  dehydration. 

Lactic  Acid ;  C2H4(OH)(COOH)  =  C3H6O3.  There  are  at  least 
two,  and  possibly  more  modifications  of  this  acid. 

(a.)  Ordinary  lactic  acid  (CH3.CH(0H)(C00H)).  This  acid  is  pro- 
duced (1)  by  the  lactic  acid  fermentation  ;  (2)  by  the  oxidation  of 
propene  glycol  ;  (3)  by  the  action  of  argentic  hydrate  on  chloro- 
propionic  acid  ;  (4)  by  the  action  of  nascent  hydrogen  on  pyruvic 
acid  ;  and  (5)  by  the  action  of  hydrocyanic  acid  on  acetic  aldehyde, 
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and  the  subsequent  digestion  of  the  cyanide  formed  with  hydrochloric 
acid. 

(/3.)  Paralactic  or  ethylene  lactic  acid,  CH2(OH)CH2.(COOH).  This 
is  prepared  by  decomposing  paralactyl  chloride  (formed  by  com- 
bining ethene  with  carbonyl  chloride)  with  an  alkali.  It  may  also 
be  obtained  from  the  gastric  jnice,  from  the  saliva  of  diabetic  patients, 
from  various  secretions,  and  also  from  muscle  {sarcolactic  acid),  by 
the  action  of  cold  water  or  of  dilute  alcohol. 

Properties. — Lactic  acid  has  never  been  obtained  in  the  solid  state, 
but  its  solution  may  be  concentrated  to  a  thick,  colorless,  syrupy 
liquid,  having  a  specific  gravity  of  l-21o.  It  is  very  acid  and  very 
soluble  in  water,  alcohol,  and  ether.  By  the  action  of  continuous 
heat,  lactide,  or  lactic  anhydride  (C3H4O2)  is  formed.  This  body  is  a 
white  crystalline  substance,  melting  at  2o6-l°  F.  (124'5°  C),  com- 
bining with  water  to  form  lactic  acid,  and  with  ammonia  to  form 
lactamide  (C2H4(OH)CO(NH2) ). 

Heated  with  dilute  sulphuric  acid,  lactic  acid  forms  aldehyde  and 
formic  acid  ;  heated  with  hydriodic  acid,  it  is  reduced  to  propionic  acid 
(CgHgOg  +  2HI  =  CgHgOg  +  HgO  +  I2)  :  by  oxidation,  it  yields  acetic 
acid,  formic  acid,  and  carbonic  anhydride  ;  by  the  action  of 
phosphoric  chloride,  it  forms  chloro-propionic  chloride  (C2H4CICOCI). 
All  the  lactates  are  soluble. 

Lactic  acid  may  be  known  from  glycollic  acid  by  its  yielding  no 
precipitate  with  plumbic  acetate. 

Paralactic  acid  yields  by  oxidation  malonic  acid.  Varieties  of  this 
acid  are  said  to  have  different  actions  on  a  polarized  beam  of  light. 

Pyruvic  Series. 

Series  L  {j^.)— Formula  CJi^^-^OiCOOW). 

The  acids  of  this  series  are  monobasic  and  dihydric.  They  may  be 
regarded  as  derivatives  of  the  lactic  acid  series  by  the  abstraction  of 


Hg.  Thus— 


C,H2„(0H)(C00H); 


Acid  of  lactic  series ; 


It  includes : — 


Name. 


Formula). 


Mole- 
cular 
Wt. 


Eemarks. 


Glyoxalic  acid    . . 
Pyruvic  acid 

(Pyroracemic  acid) 


C,H,0 


74 
88 


A  liquid  prepared  by  tlio  dry  distillation 
of  tartaric,  glyceric  or  racomic  acids. 
Boils  at  329°  F.  (105°  C).  With 
sodium  amalgam  or  with  HI  {i.e.  by 
nascent  hydrogen)  it  forms  lactic  acid. 
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Griyoxylic  Series. 

Series  I.  {y.)— Formula  CnH2n_i(Ori)2CO.OH. 

.I'l 

The  acids  of  this  series  are  monobasic  and  trihydric.  They  are  'I 
derivatives  of  triatomic  alcohols.    Thus — 


Glycerin 


It  includes :- 


Glyceric  acid. 


Name. 


Glyoxylic  acid 
(Dioxyacetic  acid) 


Glyceric  acid 
(Dioxypropionic 
acid) 


FormuleB. 


CH(OH)j(COOH)  =  C2H404 


CH,(OH).CH(OH).(COOH) 


Mole- 
cular 
Wt. 


92 


106 


Eemarks. 


Prepared  by  the  oxidation  of  I 
glycol  and  of  alcohol,  andl 
by  the  action  of  nascent  hy- 
drogen on  oxalic  acid.   A I 
colorless  syrup ;  distils  atl 
212°  F.  (100°  C.)  vrithoutl 
change.  Dissolves  zinc  with- 
out the  evolution  of  hy- 
drogen. 

Prepared  by  the  action  of  nitriol 
acid  on  glycerine,  and  by  the! 
spontaneous  decomposition  of  I 
nitro-glycerin.  A  thick  sy-f 
rup,  forming  iodopropioniol 
acid  (CsH^IOj),  whenthepro-r 
duct  formed  with  phosphorus  | 
iodide  is  treated  with  water,  f 


Acrylic  Series- 
Series  11.— Formula  CnHgn-iCCOOH). 

The  acrylic  series  of  acids  are  mostly  oily  liquids,  the  primary 
acids  existing  as  glycerides  in  natural  fats  and  oils.  They  are  mono- 
basic, that  is  their  salts  are  formed  by  the  substitution  of  one  equi- 
valent of  a  metal  for  one  of  hydrogen.  Fused  with  potassic  hydrate, 
they  eliminate  hydrogen  and  form  potassic  acetate  and  a  potassic  salt 
of  another  acid — 


C18H34O2    +  2KH0 

Oleic  acid     +  Potassic 
hydrate 


C2H3KO2 

Potassic 
acetate 


4-  C16H31KO2 
-J-  Potassic 
palmitate 


+  Ho. 
+  Hydro- 
gen. 


Nascent  hydrogen  converts  them  into  the  acids  of  the  acetic 


series. 

This  series  includes  : — 
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Name. 


Acrylic  acid 


Crotonio  acid . . 


Angelic  Acid . , 


Formulae. 


C2H,(C00H) 


C,H5(C00H) 


C4H,(C00H) 


Eemarks. 


Pyroterebic  acid  . . 

C5Hg(C00H) 

Damaluric  acid 
Damolic  acid . , 

Moringic  acid  \ 
Cimicic  acid  . .  ) 

Physetoleic  acid  . . 

Hypogseic  acid 

Gaidic  acid  . . 

Oleic  acid 

Elaidic  aoid  . . 
Doeglic  acid  . . 
Brassic  acid  . . 

Erucic  acid  . . 

Secondary  Acids. 
Methacrylic  acid  . 


Methylcrotonic  acid 
Ethylcrotonic  acid 


c,H,(COon) 


C,H,(COOH) 
C,H„(COOH) 


J'reparation.—'By  the  oxidation  of  acrolein, 
ae.O.  A  colorless  liquid  freezmg  at 
44-6^  F.  (7°  C),  and  boiling  at  284"  t . 
(140°  C).  By  the  action  of  nascent  hydro- 
gen, it  is  converted  into  propionic  acid 
(C3HgOj),and  by  the  action  of  bromine  into 
dibromopropionic  acid.  _    •,  v  iv 

It  was  supposed  to  be  the  acid  obtained  by  the 
saponification  of  croton  oil,  but  thi8_  is 
doubtful.  It  is  prepared  by  the  oxidation 
of  crotonic  aldeh-yde.  It  is  a  white  crys- 
talline body  melting  at  161-6°  F.  (72  C.), 
and  boiling  at  357-8°  F.  (181°  C),  evolving 
hydrogen  when  heated  wiihpotassic  hydrate. 
There  are  three  modifications  of  this  acid. 

Found  in  angelica  or  sumbul  root,  and  also 
prepared  by  heating  oil  of  camomile  (an- 
gelic aldehyde)  witt  potassic  hydrate.  A 
crystaUine  solid,  melting  at  113°  F.  (45° 
C),  and  boiling  at  374°  F.  (190°  C). 

A  liquid  boiling  ai  410°  F.  (210°  _C.)  prepared 
by  the  distillation  of  lerenic  acid. 

Acids  existing  in  the  urine  of  cows  and 
horses. 

Present  in  the  oil  of  ben,  together -with  stearic 
acid,  etc. 

A  yellow  crystalline  acid  extracted  from  a  kind 
of  bug. 

A  crystalline  acid  obtained  from  sperm  oil.  it 
melts  at  86°  F.  (30°  C). 

Exists  as  a  glyceride  in  eaith-nuts,  with  pal- 
mitic acid,  etc.  It  melts  at  93-2°  F.(34°  C.) 

Colorless  crystals,  melting  at  100-4°  F.(38_°  C), 
prepared  by  the  action  of  nitrous  acid  on 
hypogaeic  acid. 

An  acid  present  as  a  glyceride  (olein)  in  most 
natural  fats  and  non-drying  oils  {see  Can- 
dles). Crystallizes  in  white  needles,  which 
melt  at  57-2°  F.  (14°  C).  Specific  gravity 
at  66-2°  F.  (19°  C.)  0-898.  Insoluble  in 
water  ;  soluble  in  alcohol,  ether,  and  in 
sulphuric  acid.  Nitric  acid  converts  it 
into  acids  of  the  acetic  series,  and  nitrous 
acid  converts  it  into  elaidic  acid.  The 
solid  acid  is  oxidized  slowly,  and  the  liquid 
acid  rapidly,  by  exposure  to  air.  Fused 
with  potassic  hydrate  it  yields  acetate  and 
palmitate  of  potassium. 

By  the  action  of  nitrous  acid  on  oleic  acid.  A 
crystalline  body  meltingat  111-2°F.(44"C.). 

An  acid  prepared  from  the  oil  obtained  from 
the  doegiing  or  bottle-nose  whale. 

An  acid  obtained  from  the  oil  of  a  epecies  of 
brassica  (colza). 

An  acid  from  the  oil  of  the  black  mustard. 

An  acid  isomeric  with  crotonic  acid.  A  color- 
less oily  liquid,  prepared  by  the  action  of 
phosphorous  chloride  on  ethylio  dimeth- 
oxylate.  Fused  with  potash,  it  yields  hy- 
drogen and  potassic  propionate  and  forn-ate. 
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Sorbic  Series. 
Series  111.— Formula  CnH2„_3(COOH). 
This  includes  : — 


Nsme, 

FormulsB. 

g  2p 

Fusing 

Point. 

Occurrence  and 

°  C. 

Preparation. 

Tetroleic  acid  . . 

C,H3(C00H)  =  C,H,0j 

84 

168-8 

76-0 

Prepared  by  the 
action  of  po- 
tassic  hydrate 
on  chloro-cro- 
tonic  acid. 

SrrWc  acid 
Palmitolic  acid . . 

C3H,(C00n)  =  CBH,0, 
C„TT,,(COOH)  =  C.„H,,0, 

112 

273-2 

134-0 

Found  in  moun- 
tain-ash ber- 
ries. 

Stearolic  acid   . . 

c„n3,(cooH)  =  c„n330, 

280 

118-4 

48-0 

Prepared  by  the 
action  of  po- 
taesic  hydrate 
on  bromoleic 
acid. 

Benzoic  Series. 

Series  1Y.— Formula  CJl^n-viCOOK). 

Preparation.— (I.)  By  the  oxidation  of  the  corresponding  aldehydes 
and  alcohols.  Thus  benzoic  acid  may  be  obtained  either  from  benzoic 
aldehyde  (CeHs.CHO),  or  from  benzylic  alcohol  (CgHa.CHsOH). 

(2.)  By  the  action  of  alkalies  on  the  nitriles  (abnormal  cyanides)':— 
CgHgCN    +    KHO    +    H2O    =    CeHfiCOCOK)    +  NH3 

Benzo-       +    Potassic     +    Water     =  Potaspic  +  Ammonia, 

nitrile  hydrate  benzoate 

(3.)  By  the  action  of  water  on  the  corresponding  acid  chlorides. 
(4.)  By  the  action  of  sodium  and  carbonic  anhydride  on  the  mono- 
brominated  derivatives  of  the  C„H2n_6  series  of  hydrocarbons  — 

CgHsBr    +    Nn,    +    CO,    =    CeH^COCONa)    +  NaBr. 
Bromo-       +   Sodium  +  Carbonic  =       Sodic  benzoate       +  Sodic 
benzene  anhydiide 

This  series  includes  : — 


bromide. 


BENZOIC  SERIES. 
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Name. 

Formulw. 

Mol. 

Molting  Pt. 

Boiling  Pt. 

\V  C. 

°C. 

o  p_ 

°C. 

Benzoic  acid  . . 

CoH,CO(OH) 

122 

260-5 

121-4 

462-2 

239-0 

Toluic  acid    . . 

CcHi(CHn)CO(OH) 
=OeHeOa 

18G 

347-0 

175-0 

Exists  in  threo  modifl- 
V  cations:  (l.)J'a''atoi!wic. 
J  (2.)  Metatoluic.  (3.)  Or- 
)  thotoluic.  A  crystalline 

/  DOUy  Wlull  Ollllll"!  lOctU- 

V^tions  to  benzoic  acid. 

Alphatoluic  acid 

CeHsCHaCOCOH) 

136 

169-7 

76-6 

509-0 

265-0 

(  Prepared  by  General 
<  x^rocess  -a.  crypuii- 
( line  body. 

Svlio  acid 
(Xylilic  acid) 

CeH3(SH3),C0(0H) 

luKJ 

248-0 

120-0 

623-4 

273-0 

f  Exists  In  two  forms, 
\  as  xylic  and  paraxylic 
(acids. 

Alphaxylicaold 

^8   *  \  CHaCO(OH) 
=C9HioOa 

150 

107-6 

42-0 

Cnmic  acid    . . 

C3H^(CsH^)C0(0H) 
=0ioHi,O2 

164 

197-6 

92-0 

Benzoic  Acid  (CeH^CO.OH). 

Benzoic  acid  is  present  to  about  15  per  cent,  in  G-um  Benzoin.  It 
also  occurs  in  Balsam  of  Peru  and  in  some  essential  oils,  such  as 
cinnamon. 

Preparation. — (a.)  See  General  methods. 

(jS.)  By  the  oxidation  of  a  mixture  of  benzene  and  formic  acid, 
(y.)  From  Gum  Benzoin  (in  which  it  exists  ready  formed)  by  sub- 
limation. 

(^.)  By  the  action  of  hydro-chloric  acid  on  hippuric  acid,  fermented 
urine  of  horses  or  cows.  (This  process  is  employed  in  its  preparation 
on  a  large  scale.) 

Properties. — Feathery  crystals  soluble  in  alcohol  and  in  boiling 
water. 

Reactions. — Decomposed  at  a  red  heat  into  carbonic  acid  and  benzene. 
Forms  substitution  products  with  chlorine,  bromine,  and  iodine,  also 
with  nitric  and  sulphuric  acids.  With  nascent  hydrogen  it  forms 
hydrobenzoic  acid  (CgHgCOOH). 

All  the  benzoates  are  soluble,  and  are  easily  formed  directly  or  by 
double  decomposition. 

Some  of  the  derivatives  of  benzoic  acid  need  further  notice. 

Benzoic  Chloride  ;  Benzoyl  chloride  (CyHgOCl). 
Preparation. — By  the  action  of  phosphorus  pentachloride  on  benzoic 
acid. 

Properties. — A  colorless,  pungent  liquid.  Specific  gravity,  1"106. 
Its  vapor  is  heavy,  and  burns  with  a  greenish  flame. 
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Benzoic  Anhydride  or  Oxide  (CiJijoOg). 

Preparation. — By  the  action  of  benzoyl  cliloride  on  potassic  benzoate 
(C^HgOCONa)  +  CyHgOCl  =  (C7H50)20  +  NaCl). 

Properties. — It  forms  oblique  rhombic  prisms,  melting  at  42°  C.  . 

Benzoic  peroxide  (CUH10O4). 
Chlorobenzoic  Acid,  CgH^CLCCOOH). 

Preparation. — By  the  action  of  potassic  chlorate  and  hydrochloric 
acid  on  benzoic  acid. 

Bromobenzoic  Acid,  CeH.BrCCOOH). 

Preparation. — By  the  action  of  bromine  on  argentic  benzoate. 

Nitrobenzoic  Acid,  C6H,(N02)(COOH). 

Pre.2')aration. — By  boiling  benzoic  acid  in  fuming  nitric  acid. 
Properties. — A  crystalline  substance. 

Hippuric  or  Benzamidacetic  Acid  (C9H9NO3)  =  (CgHgCONH 
CH2COOH). 

Natural  History. — Hippuric  acid  occurs  as  a  potassium  and  sodium 
salt  in  the  urine  of  horses,  cows,  etc.,  and  also  in  human  urine,  more 
especially  after  the  administration  of  benzoic  acid. 

In  preparing  the  acid  from  urine  it  is  necessary  that  it  should  be 
fresh,  otherwise  it  evolves  ammonia,  benzoic  acid  being  formed  by  the 
action  of  heat  on  the  hippuric  acid. 

Preparation. — By  the  action  of  the  zinc  salt  of  amidacetic  acid  on 
benzoic  chloride. 

Properties. — The  acid  crystallizes  in  slender  prisms.  It  melts  when 
heated,  and  at  a  high  temperature  is  decomposed,  forming  benzoic 
acid,  benzonitrile,  etc.  It  is  slightly  soluble  in  water  (1  in  400  at 
60°  F.),  and  in  hot  alcohol. 

Its  reaction  is  acid.  With  hot  sulphuric  acid,  it  yields  benzoic 
acid ;  with  hot  hydrochloric  acid,  amidacetic  acid  and  benzoic  acid  ; 
with  nitric  acid,  benzoglycollic  acid  with  the  evolution  of  nitrogen. 

It  is  monobasic,  and  fornis  salts  called  hippurates. 

Oxybenzoic  or  Salicylic  Series. 

Series  IV.  (a.)— Formula  Cj,H2^_8(OH)COOH. 

The  acids  of  this  series  are  monobasic  and  dihydric.  They  are 
related  to  benzoic  acid  in  the  same  manner  as  the  lactic  series  is 
related  to  the  acetic  series. 

It  includes  : — 


OXTBENZOIC  OR  SALICYLIC  SERIES. 
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Name. 


Salicylic  acid  (orthoxy- 
benzoic  acid)    . .    . . 


Oxybenzoic  acid  (metoxy- 
benzoic  acid)    . . 


Paraoxybenzoic  acid 


Anisic  acid 


Cresotic  acid  (carbocresy- 
lic  acid)   


Oxymethylbenzoic  acid 

Mandelic  acid  (formo 
benzoic)  


Phloretic  acid 
Hydrocoumaric  acid 
Hydroparacoumaric  acid 


Phenyllactic  acid . , 


Thymylcarbonic  acid  or 
tbymotic  acid  . . 


Formulae. 


C6H,(0H)(C00H) 


C6H,(0H)(C00H) 


C6H,(0H)(-C00H) 

=  C7Hg03 


CsHeO, 


W0H){(c5'aH) 

p  P  /  (CH.OH) 
^«^^\(C0OH) 

CH(OH)  {  g5^a^jj^ 

^  2  \  CgH,(OH) 
1  (COOH) 

C»H,(OH)  {  JJ^aHs^jj) 

CgH,(OH)  CH, 

I  (COOH) 


Preparation  and  Properties. 


^Preparation.— (l.)  By  passing  CO^ 
into  phenol  containing  small 
pieces  of  sodium.  (2)  By  melt- 
ing salicin  or  coumaric  acid  with 
poiassic  hydrate  (C^HgOj+KHO 
=  C,H5K03+H,).  (S.)  Bydis- 
tniicg  oil  of  wintergreen  with 
potash.    Properties. — A  crystal- 
line bodv,  melting  at  368-6°  F. 
(187°  C),  decomposed  at  428°  F. 
(220°C.),  evolvingphenol.  Dis- 
solves in  cold  water  (I  in  1,000). 
With  PClj  it  forms  chloroben- 
zoic  chloride.  Its  solution  gives 
a  violet  color  to  ferric  salts. 
Preparation. — By  the  action  of 
nitrous  acid  on  amido-benzoic 
acid.  Properties. — A  crystalline 
body,    melting  at    390-2°  F. 
(199°  C.)     Eequires    a  high 
temperature  to  decompose  it. 
It  gives  no  violet  color  with 
ferric  salts. 
/  Prepared  by  heating  anisic  acid 
I     with  HI.    Soluble  in  water  (1 
I     inl26at60°F.)  Meltsat410°F. 
i     (210°  C.)  With  ferric  salts  gives 
^     a  yellow  precipitate. 
Prepared  by  oxidising  anisic  alde- 
hyde (CgHgOj)  or  crude  oil  of 
aniseed.      Colorless  crystals, 
melting  at  347°  F.  (175°  C). 
Soluble  in  alcohol,  ether,  and 
hot  water. 
/Prepared  by  the  action  of  COj  and 
^a  on  cresol  (C^HgO).  Ortho- 
I     cresotic  acid  melts  at  237-2°  F. 
(     (114°  C.) ;  paracresotic  acid  at 
^     298-4°  F.  (148°  0.),  and  meta- 
cresotieacid&tZ2,%°^.  (170° _C.). 
They  all  produce  a  deep  violet 
color  with  ferric  chloride. 


(  Prepared  by  the  action  of  HCl  on 
1     bitter  almond  oil. 
/Melts  at  264-2°  F.  (129°  C.)  Pre- 


pared by  the  action  of  potash 
on  phloretin.  Phloretic  acid 
gives  a  green  color  with  ferric 
chloride,  whilst  isopMoretic  acid 
has  no  action. 


/  Preparation. — By  the  action  of 
)  CO5  and  Na  on  thymol.  It  melts 
j  at  248°  F.  (120°  C),  and  gives 
\    a  blue  color  with  ferric  chloride. 
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Dioxybenzoic  Series. 

Series  IV.  (ft.)— Formula  Cj,H2^_9(OH)2(COOH). 
These  are  monobasic  acids,  and  include  :  — 


Name. 


Pyrocatechuic  acid 
Carbo-hydroquinonic 
acid. 


Oxy  salicylic  acid 


Dioxy benzoic  acid 


Formulae. 


C6H3(On),CO(OH) 


C6H,(0H)jC0(0H) 


Preparation  and  Properties'. 


Prepared  by  melting  potash  either 
with  piperic  or  quinic  acid,  or 
with  kino,  catechu,  etc.  When 
the  acid  is  heated,  it  yields  CO, 
and  pyrocatechin. 

By  the  action  of  potash  on  iodo- 
salicylic  acid.  It  melts  at 
379-4°  F.  (193°  C).  and  is  de- 
composed  at  418-6°  F.  (212°  C), 
yielding  anthrachrysone.  It  is 
soluble  in  water,  alcohol,  and 
ether.  It  strikes  a  deep  blue 
with  ferric  chloride. 


Gallic  Series. 

Series  IV.  {y.)—For7mda  CnH2n_io(OH)3(COOH). 
Gallic  Acid  {Trioxybenzoic  acid),  C6H2(OI-I)3CO(OH)  =  CyHeOg. 
Molecular  weight,  170. 

Natural  History.— li  is  found  in  gall  nuts,  acorns,  hellebore  root, 
black  and  green  tea,  etc. 

Frejjaration. — By  the  action  of  argentic  hydrate  on  di-iodo-salicylic 
acid. 

Properties. — (a.)  Physical.  A  white  crystalline  body  (CyHgOg.OHg) 
having  a  powerful  astringent  taste.  At  419°  F.  (215°  C.)  it  is  decom- 
posed into  CO2  and  pyrogallic  acid  (CgHgOa),  whilst  by  a  heat  of 
480-2°  F.  (249°  C.)  it  is  resolved  into  carbonic  anhydride,  water  and 
metagallic  acid  (CgHeOs).  It  is  soluble  in  water  (1  in  100  at  60°  F., 
and  1  in  3  at  212°  F.). 

(/3.)  Chemical. — The  solution  has  an  acid  reaction  and  rapidly 
decomposes.  It  does  not  precipitate  gelatine.  It  forms  a  black 
precipitate  with  iron  salts,  the  color  disappearing  by  heat  in  the  case 
of  ferric  salts,  but  not  in  the  case  of  ferrous  salts.  It  is  readily 
oxidized,  and  hence  rapidly  reduces  gold  and  silver  salts.  When 
boiled  with  a  solution  of  arsenic  acid,  tannic  acid  is  formed. 

(For  the  Tannins  see  Supplementary  Chapter.) 

Cinnamic  Series. 

Series  Y.— Formula  CJ-Ton-gCCOOH). 
This  series  is  monobasic.    The  cinnamic  series  is  related  to  the 


NAPHTOIC  SERIES.  7l7 

benzoic  series  in  a  similar  manner  as  the  acrylic  is  related  to  the 
acetic  series  of  acids.    Thus  : — 

CaHg,,i(COOH)       —  C,J-Io,_i(COOH); 
Acetic  —  Acrylic. 


CaHo,_7(C00H)       —  C,H2,_9(COOH) 
Benzoic  —  Cinnamic. 

It  includes  : — 


Acids. 

Formulse. 

. 

g  W3 

Melting  Point. 

1^ 

o  p  _ 

°  C. 

Cinnamic 

Atropic 
laatropic 

CgH^lCOOH) 

C8H,(C00H) 
C8H7(C00H) 

148 

148 
148 

248-0 

222-8 
392-0 

120-0 

106-0 
200-0 

/  Preparation.  —  (1.)  Byheating  benzoic 
aldehyde  with  acetic  chloride  (C^HgO 
+  C3H,0C1=HC1+C9H803).  (2.)  By 
the  oxidation  of  cinnamon  oil.  It  is 
present  ready  formed  in  the  balsams  of 
Peru  andTolu.  Properties. — A  crystal- 
line body,  boiling  at  669-4° F.(2930C.). 
Soluble  in  alcohol,  not  very  soluble  in 

(  water.  With  «e<nc  or  with  chromic  acid 

1  it  forms  benzoic  acid  and  benzoic  alde- 
hyde. With  nascent  hydrogen  (water 
and  sodium  amalgam),  or  heated  with 
hydriodic  acid,  it  forms  hydrocinnamic 
acid  (CgHjgO.j).  Fused  with  potassie 
hydrate  it  forms  potassie  benzoate  and 

1  acetate.    By  heat  it  forms  COj  and 

^cinnamene  (CjHg). 

Formed  together  with  tropine(C8H,5(NO)) 
from  atropine,  by  the  action  of  alkalies. 

Sebies  v.  (a.)— Formula  CnHga-uCCOOH). 

This  includes  phenyl-propiolic  acid,  CgHgC2C0(0H),  a  crystalline 
acid  melting  at  276-8°  F.  (136°  C).  It  is  prepared  by  the  action  of 
potassie  hydrate  on  bromocinnamic  acid,  and  is  converted  by  nascent 
hydrogen  into  hydrocinnamic  acid. 

Naphtoic  Series. 

Series  YL— Formula  C^Ha^.^aCCOOH). 
This  series  includes  two  isomeric  acids,  viz.,  a-naphtoic  acid,  and 
/3-naphtoic  acid.  The  former  melts  at  320°  F.  (160°  C),  and  the 
latter  at  359-6°  F.  (182°  C).  By  the  action  of  sodium  and  carbonic 
anhydride  on  a-  and  /3-naphtol,  the  two  isomeric  acids  a-  and  /3-oxy- 
naphtoic  acids  are  formed. 

Series  VI.— (a.)  Foimula  C^H2n_i9(COOH). 
This  includes  anthracene  carboxylic  acid,  CjL4Hg(C00H),  a  solid  body, 
melting  at  402*8°  F.  (206°  C).    It  is  prepared  by  heating  anthracene 
with  carbonic  oxychloride.    When  heated  it  yields  anthracene  and 
carbonic  anhydride. 


+ 

+ 


+ 
+ 


C4H604. 

Succinic  acid. 


C202(OH)„. 
Oxalic  acid. 
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B.  DIBASIC  ACIDS. 

That  is,  acids  containiog  two  semi-molecules  of  carboxyl  (COOH). 

Succinic  Series. 

Series  I.— Formula  CnHon(C00H)2. 

Preparation  {General). — (1.)  By  the  oxidation  of  many  fatty  organic 

bodies,  such  as  suet,  etc.,  with  nitric  acid. 

C4H8O2        I-        O3       =  H2O 
Butyric  acid        +      Oxygen      =  "Water 

(2.)  By  the  oxidation  of  the  primary  glycols. 

C2H4(OH)2      +       2O2     =  2H2O 
Glycol  +       Oxygen     =  "Water 

(3.)  By  the  action  of  potassic  hydrate  or  hydrochloric  acid  on  the 

nitriles  (cyanides)  of  the  dyad  radicals. 

(4.)  By  the  action  of  sodium  or  silver  on  the  iodo-derivatives  of  the 
acetic  acid  series.    Thus  : — 

2C,H„J(C00H)  +  Ag2=  C2,H4„(COOH)2  +  2AgI. 

Properties  {General). — These  dibasic  acids  are  all  crystalhne  solids 
yielding  by  heat  either  the  anhydride  and  water,  or  carbonic  anhy- 
dride and  an  acid  of  the  acetic  series. 

Thus  it  Avill  be  noted  that  the  acids  of  the  succinic  series  are  related 
(a)  to  the  glycols,  as  seen  by  the  second  method  of  preparation  described 
above  ;  (/3)  to  the  dyad  radicals,  as  seen  by  the  third  method,  and  by  the 
further  fact  that  in  some  cases  they  yield  the  hydride  of  the  radical, 
when  heated  with  an  excess  of  caustic  baryta;  and  (7)  to  the  acids  of 
the  acetic  series,  as  seen  by  the  fourth  method  of  preparation.  Conversely 
moreover,  in  some  cases,  the  succinic  series  may  be  converted  into 
the  acetic,  by  the  abstraction  of  carbonic  anhydride. 

This  series  includes — 


Eormulae. 

u 

0  iio 

Molting  Pt. 

Boiling  Pt. 

Name. 

1^ 

0  Y. 

°  C. 

0 

°c. 

Oxalic.  .. 
Malonic  . 

(COOH)^ 
CHaCCOOH)^ 

90 
104 

284-0 

140 

Succinic    . . 
Pyrotartaric 

CaHJCOOH)^ 
CsHoCCOOH)^ 

128 
132 

356-0 
233-6 

180 
112 

455 

235 

Afliplc.  .. 

Pimelio 

Suberic 

O^HsCCOOH)^ 

C,Hio(COOH), 

CeHi^CCOOH)^ 

146 
160 
174 

284-0 
273-2 
257-0 

140 
134 
125 

! 

Anchoic 
(Separgylic) 

C,H,4(C00H)a 

188 

240-8 

116 

Sebaclc 

CaHieCOOOH), 

202 

260-6 

127 

Rocellic 

0i,H3„(C00H), 

300 

269-6 

132 

Remarks. 


See  below. 

Prepared  by  the  oxidation  of 
malic  acid  and  of  propene  gly- 
col. Decomposed  at  302°  F. 
(150°  C). 

See  page  720. 

Prepared  by  heating  tai-taric  acid. 
It  volatilizes  at  392°  P.  (200°  C). 

By  the  oxidation  of  fats  mtn 
nitric  acid. 

Prepared  by  the  oxidation  of  corK 
with  nitric  acid,  and  by  the 
action  of  nitric  acid  on  certain 
fats.   Fusible  and  volatile. 

By  the  action  of  nitric  acid  on 
Chinese  wax,  and  on  the  fatty 
acids  of  cocoa-nut  oil. 

Prepared  by  the  destructive  dis- 
tillation of  oleic  acid. 

Present  in  certain  lichens.  Vola- 
tile at  392°  F.  (200°  C). 
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Oxalic  Acid— (C00H)2  =  C8He04;  (crystals  =  C2H204,2H20). 

Natural  History.— Oyislic  acid  is  present  in  most  plants,  either  in  a 
free  state,  or  as  a  lime  or  alkaline  oxalate  (potassic  oxalate  in  common 
sorrel,  calcium  oxalate  in  rhubarb).  It  occurs  very  frequently  as  a 
lime-salt  in  the  urine  (mulberry  calculus ).  Its  formation  in  this  latter 
case  is  no  doubt  due  to  some  imperfection  in  the  normal  oxidizing 
process  going  on  in  the  body,  the  carbon  and  hydrogen  not  being  con- 
verted, as  usual,  into  water  and  carbonic  anhydride. 

Preparation. — (1.)  By  the  oxidation  of  organic  compounds,  such  as 
sawdust,  sugar,  etc.,  either  by  the  action  of  nitric  acid,  or  by  their 
fusion  with  potassic  hydrate,  whereby  a  potassic  oxalate  is  formed. 

C12H22OU       +  =      6C2H2O4       +  SHgO. 

Sugar  +      Oxygen     =       Oxalic  acid         +  "Water. 

(2.)  By  the  direct  combination  of  an  alkaline  metal  with  carbonic 
anhydride. 

2CO2           +        Nag  =  ^a^C^O^. 

Carbonic  anhydride    +       Sodium  =          Sodic  oxalate. 

(3.)  By  the  decomposition  of  cyanogen  with  water. 

C2N2       +        4HoO       =       C2H2O4       +  2NH3. 
Cjanogen       +         "Water         =       Oxalic  acid        +  Ammonia. 

(4.)  By  the  action  of  heat  on  potassic  formate  (2HC0(0K)=  H2  + 
K2C2O4). 

(5.)  By  the  oxidation  of  ethylene  glycol  (see  page  718). 

Commercial  preparation  of  Oxalic  Acid. — A  thick  paste  is  first  pre- 
pared by  mixing  sawdust  with  a  solution  containing  potassic  hydrate 
(1  equiv.)  and  sodic  hydrate  (2  equiv.),  the  alkaline  solution  having  a 
specific  gravity  of  1'35.  This  paste  is  then  heated  on  iron  plates  at 
400°  F.  (204°  C.)  for  some  hours,  whereby  hydrogen  is  evolved  from 
the  decomposition  of  the  water  of  the  alkaline  hydrates,  whilst  the 
oxygen  liberated  oxidizes  the  sawdust.  The  grey  mass  formed  con- 
tains about  one-fourth  its  weight  of  oxalic  acid.  This  is  then  treated 
with  water,  which  leaves  the  oxalate  of  soda  undissolved,  owing  to  its 
insolubility  in  water.  The  insoluble  residue,  after  the  action  of  the 
water,  is  then  boiled  with  lime,  and  the  resulting  calcic  oxalate  decom- 
posed with  sulphuric  acid.  The  clear  liquor  containing  the  oxalic 
acid  is  then  evaporated  down  and  crystallized. 

The  sawdust  yields  on  an  average  about  half  its  weight  of  crystal- 
lized oxalic  acid. 

The  alkalies  are  recovered  from  the  liquid  with  which  the  mass  is 
first  treated  by  evaporating  the  solution  to  dryness,  calcining  the 
residue,  in  order  to  destroy  any  organic  matter  present,  and  afterwards 
decomposing  the  carbonates  with  calcic  hydrate.  The  recovered 
alkalies  may  then  be  used  for  a  new  operation. 

Properties. — (a.)  Physical.  Oxalic  acid  consists  of  colorless  crystals 
(oblique  rhombs).    At  a  heat  of  212°  F.  (100°C.)  the  water  of  crystal- 
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lisation  is  driven  off.  At  320°  F.  (160°  C.)  the  acid  sublimes,  but  at  a 
temperature  above  this  it  is  decomposed  into  formic  acid  and  carbonic 
anliydride  (CnH204=CH202  + CO2),  the  formic  acid  being  afterwards 
further  decomposed  by  heat  into  water  and  carbonic  oxide  (CHgOo^ 
CO  +  HgO).  It  is  soluble  in  water  (1  in  8  at  60°  ¥.,  and  1  in  1  at 
212°  F.),  and  also  in  alcohol.  The  acid  is  poisonous.  Chalk  and 
magnesia  constitute  the  proper  antidotes. 

(fi.)  Chemical.  The  solution  of  oxalic  acid  is  very  acid  to  litmus. 
Sulphuric  acid  converts  it  into  HoOjCOo  and  CO.  Nitric  acid  acts 
slowly  upon  it,  converting  it  into  COg.  Heated  with  alkalies,  it  yields 
hydrogen  and  an  alkaline  carbonate. 

JJses. — In  calico-printing  ;  in  cleansing  brass  and  leather  ;  also  as  a 
solvent  for  Prussian  blue  in  the  manufacture  of  blue  ink. 

It  forms  salts  called  oxalates,  a  few  of  which  we  note  as  follows  :— 


Formul£B. 

Solubility  in  water. 

Remarks. 

60°  F. 

212°  F. 

OaKaO,2aq 

1  in  3 

OjHKO^Saq 

1  in  40 

1  in  6 

C.HK04,CJIa04,2aq 
Cj,(NHJa042aq 

CaH(NH4)04aq 

C3Ca"0«4aq 

CaFe'-O* 

Fea(Ca04)33aq 

(C»H5)aOaO^ 

almost 
not  very 
soluble 

Insoluble 
insoluble 
very 
soluble 

insoluble 
very 
soluble 

Yields  by  heat  oxamldc ; 
heated  with  phospho- 
ric anhydride  it  forms 
cyanogen. 

Yields  oxamio  acid  by 
heat. 

Sp.  Gr.  1-09.   Boils  at 
188-1°  F.  (84-3°  C). 

(C,H5)CaH04 

Name. 


a  /-Neutral   

Acid  (binoxalate  or 
salt  of  sorrel) 
*S  ^  I  Hyperacid  or  quad- 


(2  °  Voxalate 


Sodic  oxalate, 
a  ,Neuti-al 

la 
^° 
Calcic  oxalate 
Ferrous  oxalate 
Ferric  oxalate 


Acid  (binoxalate) 


Ethyl  oxalate  (oxalic  ether) 

Acid  ethyl  oxalate  or  ethyl- 
oxalic  acid  


All  the  oxalates  are  decomposed  by  heat.  The  alkaline  and  the 
earthy  oxalates,  if  not  too  strongly  heated,  evolve  CO,  and  leave 
carbonates  of  the  metals,  whilst  the  oxalates  of  other  metals  leave 
metallic  oxides.  With  sulphuric  acid  the  oxalates  break  up  into  CO 
and  CO2,  leaving  a  residue  of  sulphate,  which  residue,  however,  does 
not  blacken  by  the  action  of  the  acid,  inasmuch  as  no  separation  of 
carbon  takes  place. 

Succinic  Acid.-C2H,(COOH)2=C4HeO,.  [Molecular  weight,  128. 
Fuses  at  356°  F.  (180°  C).    Boils  at  455°  F.  (235°  C.)] 

Natural  History.— It  is  found  in  amber,  in  some  lignites,  and  occa- 
sionally in  animal  and  vegetable  substances  (lettuce,  unripe  grapes, 
urine  of  some  animals,  etc.). 

Preparation.— (I.)  By  the  action  of  potassic  hydrate  on  ethylene 

''^^''C2H4(CN)2       +       4H2O      =     2NH3      +  CJ-IeOv 
Ethylene  cyanide  -|- 


Water 


=     Ammonia      -f    Succiiuc  acid. 
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(2.)  By  the  oxidation  of  butyric  acid — 

C^HgOs       +       0.,       =       H2O       +  C,U,0,. 
Butyric  acid       +     Oxygen      =        Water        +       Succinic  acid. 

(3.)  By  the  action  on  raahc  acid,  cither  of  (a)  nascent  hydrogen,  or 
(/3)  fermentation,  or  (y)  hydriodic  acid. 

(a.)   C4H606  4-H2=EoO  +  C4H604. 

(y.)    C4H605  +  2HI=H20  +  l2+C4H604. 

Properties. — Colorless  crystals  (oblique  rhombs).  It  melts  at  356°  F. 
(180°  C),  and  boils  at  455°  F.  (235°  C),  water  and  succinic  anhy- 
dride (C4H4O3)  being  formed,  llso-succinic  acid  melts  at  266°  F. 
(130°  C),  and  boils  at  302°  F.  (150°  C),  forming  CO.  and  propionic 
acid  (CgHfiOj).] 

It  is  soluble  in  water  (1  in  5  at  60°  F.,  1  in  3  at  212°  F.).  With 
nascent  oxygen  it  yields  ethylene,  CO2,  and  HgO  ;  (C4Hg04  +  0= 
C2H4  +  2CO2  +  H2O).  Nitric  and  hydrochloric  acids  have  no  action 
upon  it.    Distilled  with  H2SO4  and  MnOg,  it  yields  acetic  acid. 

Distinctive  Reactions  of  Succinic  Acid  — Succinic  acid  (as  a  sodic  salt) 
gives  a  red-brown  precipitate  with  ferric  chloride.  Iso-succinic  acid 
gives  none. 

Succinic  acid  is  not  precipitated  from  its  salts  by  the  mineral  acids. 
It  gives  a  white  precipitate  with  BaClg,  on  the  addition  of  an  alcoholic 
solution  of  ammonia.  Benzoic  acid  is  precipitated  from  its  salts  by  the 
mineral  acids.    It  gives  no  precipitate  with  BaCl2- 


Malic  Series. 

Series  I.  (a.)— Formula  C^H2^_i(OH)(CO.OH)2. 
These  acids  are  trihydric  and  dibasic : — 


Names. 

Fonnulee. 

Eemarks. 

Tarlronic  . . 
(oxymalonic). 

Malic  

(oxysuccinic). 

CH(0H)(C00H)„ 
C,H3(0H)(C00B)2 

Treparation.—By  the  spontaneous  decom- 
position of  nitro-tartaric  acid, 
f  Malic  acid  is  widely  distributed  in  plants  as 
in  the  juices  of  apples,  pears,  etc.  (with 
citric  acid),  or  of  rhubarb  (with  acid 
potassic  oxalate),  or  in  the  berries  of  the 
mountain  ash,  or  in  tobacco  leaves  (as 
bimalate  of  lime).     Preparation. — (1.) 
From  the  above  juices.     (2.)   By  the 
action   of   nitrous   acid  on  asparagine 
(C4HJNJO3)     and     on     aspartic  acid 
(C4H7NOJ,  bodies  found  in  the  aspara- 
,     gus,  the  marsh  mallow,  etc.  (C4HgN^03 
]     asparagine  +  2HNO2  =  C^HgO,  +  2H2O 
+  2N5).    (3.)  By  the  action  of  argentic 
hydrate    on    monobromo-succinic  acid. 
Properties. — Crystalline,  soluble  in  water 
and  in  alcohol.    "With  ferments,  such  as 
putrefying  cheese,  it  yields  COj,  succinic 
and  acetic  acids ;  digested  with  hydriodic 
acid  in  sealed  tubes,  it  yields  succinic 
acid ;    fused   with  potassic   hydrate,  or 
boiled  with  a  strong  mineral  acid,  it  yields 
^    sorbic  acid. 

3  a 
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Tartaric  Series. 

Series  I.    (fi.)— Formula  C„H2„_2(OH)2(COOH)2. 
These  acids  are  tetrahydric  and  dibasic  : — 


Names. 

Formulae. 

Eeniarks. 

Mesoxalic  . . 

Tartaric    . . 
(dioxysuccinic). 

C(0H),(C0.0H)2 
C2H2(0H)2(C0.0H)2 

A  uric  acid  derivative.  By  deoxidation  it 
forms  tartronic  and  afterwards  malonic 
acid. 

See  below. 

Tartaric  Acid,  C,B.,{OllUCO.O}l),=C^li,0,.— Molecular  Weight, 
150. 

Natural  History. — Ordinary  tartaric  acid  constitutes  the  acid  of 
grapes,  and,  together  with  citric,  oxalic,  and  malic  acids,  is  found  in 
numerous  plants. 

Commercial  Preparation. — (a.)  Argol  or  tartar  Qiydric  potassic  tartrate, 
KHCJ-I^Og),  a  substance  deposited  fi'om  fermenting  grape  juice,  is 
first  purified  by  solution  in  hot  water,  and  subsequent  crystallization 
(cream  of  tartar). 

(/3.)  This  purified  residue  is  now  dissolved  in  hot  water  and  boiled 
with  powdered  chalk,  whereby  an  insoluble  calcic  tartrate,  and  a 
soluble  potassic  tartrate  are  formed  : 

2KHC4H406  +  CaC03  =  K2CJ-I3O6  +  Ca"C4H406  +  H^O  +  CO^. 
Hydric  potas-  +  Calcic    =      Potassic     +       Calcic        +  Water  +  Carbonic 
sic  tartrate        carbonate         tartrate  tartrate  anhydride. 

(y.)  Calcic  chloride  is  now  added  to  the  clear  solution,  whereby  the 
whole  of  the  tartaric  acid  is  precipitated  as  calcic  tartrate  :  thus, 

K2C4H4O6      +      Ca"Cl2      =      2KC1      +  Ca"C4H406. 
Potassic  tartrate    +         Calcic         =      Potassic       +       Calcic  tartrate. 

chloride  chloride 

(g.)  This  tartrate  of  lime  is  now  collected  and  boiled  with  dilute 

sulphuric  acid,  whereby  an  insoluble  calcic  sulphate  is  formed,  whilst 

the  filtered  solution  contains  tlie  free  tartaric  acid  : 

C^"G,}i,0,      +      H2SO4     =     CJIfiOe      +  C"S04. 
Calcic  tartrate       +      Sulphuric       =        Tartaric        +  Calcic 

acid  acid  sulphate. 

Tartaric  acid  may  also  be  prepared  by  the  action  of  nitric  acid  on 
gum  or  sugar  of  milk. 

Varieties. — There  are  four  modifications  of  tartaric  acid  : — 

(a .)  Dextro-  or  common  tartaric  acid,  so  called  from  its  property  of 
causing  the  plane  of  polarization  to  rotate  to  the  right. 

■(/3.)  Lavo-tartaric  acid,  which  rotates  the  plane  of  polarization  to 

the  left. 

(y.)  Inactive  or  meso-tartaric  acid,  which  is  without  action  on  a 


TARTARIC  SERIES. 


723 


polarized  ray.  It,  moreover,  cannot  be  resolved  into  dextro-  and 
liBvo-tartario  acids.  In  this  latter  respect  it  difEers  from  paratartaric 
or  racemic  acid,  which  is  also  without  action  on  a  polarized  ray,  but 
which  is  a  compound  of  dextro-  and  laevo-tartaric  acid,  and  is  capable 
of  resolution  into  these  two  modifications  of  the  acid. 

{}.)  Metatartaric  add.  An  uncrystallizable  modification  produced 
by  fusing  the  ordinary  acid. 

Properties  of  common  tartaric  acid.— (a.)  Physical.  Colorless  crystals 
(oblique  rhombs),  inodorous,  having  an  acid  taste,  permanent  in 
the  air,  and  very  soluble  in  water  and  alcohol.  The  crystals  fuse  at 
3iO°  F.  (17ri°  C),  forming  metatartaric  and  isotartaric  acids,  both 
of  which  are  uncrystallizable  acids.  At  374°  F.  (190°  C.)  it  loses 
water,  and  becomes  tartaric  anbydride  (CgHgOiy),  which,  by  long 
boiling  in  water,  may  be  converted  into  tartaric  acid.  At  a  tem- 
perature of  401°  F.  (205°  C.)  it  forms  paratartaric  acid  and  COj. 

(j8.)  Chemical. — Its  solution  is  very  acid,  and  rapidly  decomposes 
by  keeping,  acetic  acid  being  formed  and  a  fungus  deposited  which 
contains  3-5  per  cent,  of  nitrogen. 

With  hydriodic  acid,  it  forms  succinic  and  malic  acids  ;  with 
powerful  oxidizing  agents,  it  forms  formic  acid  ;  with  less  powerful 
oxidizing  agents,  tartronic  acid  ;  fused  with  potassic  hydrate,  it  yields 
potassic  oxalate  and  acetate,  but  no  hydrogen  is  evolved  ;  with  con- 
centrated sulphuric  acid,  it  is  carbonized  ;  with  phosphorus  pentachloride, 
it  forms  chloromaleic  chloride  ;  with  acetic  chloride,  it  forms  diaceto- 
tartaric  acid,  C2H2(OC2H30)2(COOH)2  ;  and  with  alcohols,  it  forms  the 
various  ethereal  salts. 

The  following  represent  the  formulas  of  some  of  the  tartrates  : — 


Names. 

Formulse. 

Solubility  in  water. 

C  neutral    . . 
Potassic  tartrates  <  acid  (Cream 
(  of  tartar)  . . 

Amnionic  tartrates  (  '^^.^^^^l  •  • 
(  acid 

Sodic  tartrates       |  neutral  .. 

\  acid 

Eochelle  salt  \    -n  ^    ■  j 
/    rotassic  and 

Seignette  salt  )  ^^"^^^^^^ 

Potassio-antimonious  tar  irate,  ( 

(NHJ,C,H,OB+aq. 

Na^C.H^Og+aaq. 
NaHO^H^Og+aq. 

KNaC4H405+4  aq. 

K(SbO)C4H40s+aq. 
heated  to  400°  F.  be- 
comes KSbC^HjOg. 

Very  soluble. 
Soluble  in  boiling  but 
not  in  cold  water. 
Soluble. 

Do. 

Do. 

Do. 

1  in  1 J  at  60°  F.  (16-5° C.) 

1  in  15  at  60° F.  (15-5°  C.) 
1  in  3  at  212°  F.  (100°  0.) 

Kacemic  Acid  has  the  same  composition  as  tartaric  acid.  It  yields 
the  same  products  as  tartaric  acid  by  heat,  and  forms  analogous  salts. 
It  difiers,  however,  from  tartaric  acid  in  being  less  soluble  in  water, 
and  in  its  solution  neither  rotating  the  plane  of  polarization,  nor 
precipitating  a  neutral  calcic  salt. 

3a  2 
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Fumaric  Series- 
Series  II.— Formula  CJ-l2a_2(CO.OH)2. 

These  dibasic  acids  form  succinic  acid  with  nascent  hydrogen,  and 
substitution  derivatives  of  succinic  acid  with  the  haloid  acids  and  with 
the  halogens.  They  also  form  monochloriuated  acids  of  the  malic  series 
with  hypochlorous  acid. 

The  series  include  the  following  :  — 


Acids. 


Formulse. 


Melting  Pt. 


°F.  °C 


fumaric 


Maleic  . 


Citraconic 

Itaconic 

Mesaconic 


C2S,(C00H), 


C,Hj(COOH),  266-0 


About 
392-0  200-0 


.C,H,(COOH), 


176-0 
320-0 
392-9 


130-0 


80-0 
160-0 
200-5 


Bemarks. 


The  acid  of  the  common  fumitory. 
Prepaied,  together  with  maleic 
acid,  hy  the  action  of  heat  on 
malic  acid.   It  is  a  crystalline  in- 
soluble acid  (1  in  200  at  60°  F.). 
By  hettt  it  forms  maleic  anhy- 
dride.   With  nascent  hydrogen 
it  forms  succinic  acid. 
(See  above  for  preparation).  A  crys- 
talline, volatile  soluble  acid.  Its 
reactions  are  similar  to  those  of 
fumaric  acid. 
Prepared  from  citric  acid.  Citra- 
conic acid  is  formed  by  the  pro- 
longed action  of  heat  on  citric 
acid.  It  is  very  soluble  in  water. 
Itaconic  acid  results  when  citra- 
conic acid  is  heated  with  water 
for  some  hours.    It  is  not  very 
soluble  in  water.    Mesaconic  acid 
is  formed  by  decomposing  the 
product  of  the  action  of  heat  on 
a  mixture  of  citraconic  and  hy- 
drochloric acids.    With  nascent 
hydrogen,  all  three  yield  pyrotar- 
taric  acid.   The  three  acids  when 
treated  with  bromine  yield  three 
isomeric  brominated  acids. 


Phthalic  Series. 
Series  111.— Formula  C^H2n_8(CO.OH)2. 


Acids. 

Formulse. 

Melting  Point. 

o  Y. 

o  C. 

Phthalic     . .  \ 

Isophthalic  . .  \ 
Teiephthalic  J 

CeH.lCO.OH), 

365-0 
Above  572 

185 
Above  300 

By  oxidizing  benzene 
and  formic  acid  by 
MnOj  and  HjSO,. 

TBIBA8I0  ACIDS. 
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C.-TRIBASIC  ACIDS, 

and  Acids  of  Higher  Basicity,  etc. 

Tricarballylic  Series. 

Sekies  I. — Formula  CnHgn-iCCO. 011)3. 

TricarbaUylic  Acid,  C,H5(CO.OH)3-C6H806  is  a  trihydric  acid, 

and  is  produced  by  tlie  reduction  of  aconitic  acid  with  sodium  amalgam, 
or  of  citric  acid  with  hydriodic  acid. 

CgHgOy    +       2HI     =      CgHgOe      +    HoO    +  lo. 
Citric  acid    +    Hydriodic    =    Tricarballylic    +    Water    +  Iodine, 
acid  acid 

Citric  Acid  {oxytncarbalhjUc  acid),  C3H4(OH)(COOH)3=C6H807. 
Natural  History. — This  acid  is  found  in  the  juice  of  lemons  and 
oranges,  and  also  in  many  fruits,  such  as  gooseberries,  etc.,  in  con- 
junction with  malic  acid. 

Freparation. — The  lemon  juice  is  first  allowed  to  ferment,  so  that 
mucilage  and  other  impurities  may  separate.  The  clear  liquor  is 
then  neutralized  Avith  chalk,  whereby  an  insoluble  calcic  citrate 
(Ca32CgH507)  is  formed.  The  pi-ecipitate  is  collected  and  decomposed 
with  dilute  sulphuric  acid,  the  citric  acid  being  afterwards  crystallized 
from  the  solution. 

Properties. — (a.)  A  crystalline  dimorphous  body,  freely  soluble  in 
hot  and  cold  water.  The  crystals  fuse  at  212°  F.  (100°  C),  and  de- 
compose at  300°  F.  (149°  C),  forming  aconitic  acid.  Heated  to 
338°  F.  (170°  C),  it  forms  itaconic  acid. 

(/3.)  Chemical. — A  tribasic  tetrahydric  acid.  The  solution  reddens 
litmus  and  rapidly  decomposes. 

It  ferments  with  putrid  flesh,  forming  butyric  and  succinic  acids. 
Sulphuric  acid  decomposes  it.  Nitric  acid  converts  it  into  oxalic  acid. 
y*fit\\.jpotassic  hydrate,  it  forms  acetic  and  oxalic  acids. 

Citric,  like  tartaric  acid,  prevents  the  precipitation  of  ferric  oxide 
by  ammonia.  The  soluble  compound  formed  has  not  been  very  well 
made  out. 

The  acid  is  used  in  medicine,  in  dyeing,  and  in  calico  printings 

Desoxalic  or  Trioxycarballylic  Acid  (C3H2(OH)3(COOH)3= 

CgHgOg),  is  an  unstable  acid,  and  forms,  when  heated,  tartaric  and 
glyoxylic  acid. 

Meconic  Acid  (C^H^Oy)  is  a  tribasic  acid  present  in  opium,  and 
consists  of  mica-like  plates,  soluble  in  alcohol  and  in  boiling  water, 
but  insoluble  in  cold  water. 

Mellitic  Acid,  C6(C0.0H)e,  is  a  hexabasic  acid,  existing  as  an 
aluminic  salt  in  "  honey  stone." 

We  may  note  that,  with  one  exception,  the  whole  of  the  benzene 
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(CgHg)  series  of  acids  (i.e.  acids  derived  by  the  substitution  of  the  group 
COOH  for  the  hydrogen  of  the  benzene),  are  known.    Thus — 

Benzoic  acid      ...        ...       •••  CgHgCOOH. 

Phthalic  acid,  etc.    CgH4(COOH)2. 

Trimellitic  acid,  etc   C6H3(CO.OH)3. 

Pyromellitic  acid,  etc.  ...        ...  C6H2(COOH)4. 

Unknown    CeHCCO.OH)^. 

Mellitic  acid    C6(C00H)g. 


REACTIONS  OF  SOME  OF  THE  CHIEF  ACIDS. 
(1.)  Group  reactions.    (II.)  Special  reactions. 

I.— Group  Reactions. 

1.  Heat  the  acid  in  a  test  tube — 


Blackens 
instantly. 

Fuses  and 
blackens  after 
a  short  time. 

Forms  a  white 
sublimate, 
the  residue 
blackening. 

Not  blackened. 
White 
sublimate. 

Not 
blackened. 
Volatile. 

Tartaric  (caramel 

odor). 
Uric  (burnt  feather 

odor) . 
Hippnric  (benzene 

odor) . 
Gallic. 
Tannic. 

Citric. 

Malic. 

Meconic. 

Pyrogallic. 

Ox  die. 

Acetic  (yields 

acetone). 
Formic. 
Benzoic. 
Succinic. 
Butyric. 
Hydrocyanic. 
Phenic. 

2.  Heat  the  acid  in  a  test  tube  with  sulphuric  acid- 


Blackens 
instantly. 

Blackens 
after  a  time. 

Not 
blackened. 

Volatile. 

Tartaric. 
Pyrogallic. 
Gallic  (red). 
Tannic  (brown). 
Hippnric. 

Citric. 
Malic. 
Uric. 
Meconic. 

Oxalic.    Evolves  CO^ 

and  CO. 
Sulphocyanic.  Evolves 

CSO,  giving  odor  of 

SOj. 

Hydrocyanic  and  other 
cyanogen  acids.  E- 
volve  CO  and  NH3. 

Acetic  \ 

Formic    I  -r,    ■,  rif\ 
Benzoic  ^^"^^^ 
Succinic  / 

oS  the  precipitate — 

f  If  soluble  iu  acetic  acid=Tartaric  acid. 
Precipitate.   |     insoluble  in  acetic,  but  soluble  in  HCl= Oxalic  acid. 

(  Boil  wilh  litue  water;  a  precipitate  indicates  citric  acid. 
Filtrate.  \  Boil  for  a  long  time  with  lime  water  and  alcohol ;  a 
precipitate  indicates  malic  acid. 


REACTIONS  OF  ACIDS. 


4,  Add  to  the  acid  solution  ferric  chloride — 


A  Eed  Coloration,  but  no  ppt. 

Other  Eeactions. 

Acetic ;  color  disappears  with  HCl. 
Formic;  j> 
V  vrocrallic  :      . .                 >  > 
Salphocyanic ;    color    disappears  with 

HgClj,  but  not  with  HCl. 
Meconic ;  color  neither  discharged  by 

HgClj  nor  by  HCl. 

Carbolic;  purple. 

Gallic  and  tannic ;  black. 

Ferrocyanic ;  blue. 

Ferricyanic;  brown  (blue  with  FeS04). 
Benzoic 

Succinic   >  light  red. 
Hippuric  ) 

5.  Add  to  the  neutral  solution  argentic  nitrate. 

WJtite  precipitates  occur  with  the  following  acids,  all  of  which  are 
soluble  in  ammonia;  viz.:  hydrocyanic  (insol.  in  HNO3  ;  sol.  in 
KCy)  ;  sulpho-,  ferro-,  and  ferri-cyanic  ;  meconic  ;  oxalic  ;  succinic  ; 
benzoic  ;  tartaric  (see  Tests)  ;  citric ;  maUc  ;  acetic.    The  silver  salt  is 
reduced  by  formic  and  pyrogallic  acids. 

6.  Add  to  two  portions   of   the    solution,  potassic  hydrate  and 
hydrochloric  acid  respectively — 

Potassic  Hydrate. 

Hydrochloric  Acid  (to  neutral  solution). 

Tartaric  ;  white  ppt.  on  addition  of  acetic 
acid. 

Gallic  ;  green  ppt. 
Tannic ;  brown  ppt. 
Pyrogallic ;  black  ppt. 

Uric  ;  white  ppt.  (powder). 
Benzoic ;     „  (flakes). 
Hippuric ;   „  (featbery-crystals, 
soluble  in  boiling  water) . 

II.— Special  Reactions. 
Acetic  Acid  (CgH^Og)  and  the  Acetates. 

1.  The  acid  is  soluble  in  all  proportions  in  water,  alcohol,  and  ether. 
It  dissolves  camphor  and  several  resins. 

2.  Heat.  The  acid  and  its  salts  are  decomposed,  yielding  acetone 
(CaHfiO). 

3.  When  a  mixture  of  sodic  acetate  and  soda  lime  is  heated,  it 
yields  methane  or  marsh  gas  (3NaC2H302  +  NaHOCa"H202  (soda 
lime)  =2Na2C03  +  CaCOg  +  3CH4) . 

4.  The  acetates,  heated  with  alcohol  and  sulphuric  acid,  yield  the 
fragrant  ethylic  acetate  (C2H5.C2H3O2)  (characteristic). 

5.  The  solid  salts,  heated  with  sulphuric  acid,  yield  acetic  acid. 

6.  Ferric  chloiide  gives  on  boiling  a  deep  red  coloration,  with  the 
precipitation 'of  a  basic  ferric  acetate. 

OxaUc  Acid  (C2H2O,). 

1.  Hent;   (a)  fuses;    (/3)  gives  a  white  sublimate  if  carefully 
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heated  ;  (y)  produces  dense  white  fumes  towards  the  end  of  the 
reaction,  but  never  blackens.  (The  oxalates  of  the  alkalies  and  alkaline 
earths,  when  heated,  leave  carbonates,  which  eServesce  with  acids  ; 
but  the  oxalates  of  other  metals  leave  metallic  oxides.) 

2.  II2SO4  and  heat;  CO  and  CO2  are  evolved,  but  without  blacken- 
ing. (The  reaction  with  the  oxalates  is  similar,  a  residue  of  sulphate 
remaining.) 

3.  Calcic  chloride  (Ca"C]2)  gives  (o)  in  very  dilute  solutions  a  ppt., 
after  a  time,  of  calcic  oxalate,  Ca"C204  ;  (j3)  in  moderately  strong  solu- 
tions, it  gives  an  immediate  ppt.  The  ppt.  is  soluble  in  HCl  and  in  HNO3 
(but  not  in  acetic  acid,  as  in  the  case  of  phosphates)  and  is  repre- 
cipitated  by  ammonia. 

The  reaction  is  not  interfered  with  by  the  presence  of  ammoniacal 
salts. 

4.  Argentic  nitrate  gives  a  white  ppt.,  Ag2C204. 
Uric  Acid  fCfiN^H^Oa). 

1.  Heat;  (a)  blackens  immediately  ;  (j3)  odor  of  burnt  hair. 

2.  A  drop  of  nitric  acid,  mixed  with  uric  acid  in  a  capsule,  and 
evaporated  to  dryness,  yields,  when  the  cold  residue  is  touched  with 
ammonia,  the  deep  red  tint  of  murexide  (CsNeHeOfi). 

Hippuric  Acid  {C&^^^O^).— Crystals;  rhombic  prisms,  and  acicular 
crystals. 

1.  Heat;  (a)  fuses  directly,  and  volatilizes  with  partial  decom- 
position, yielding  benzoic  acid,  ammonic  benzoate,  and  benzo-nitrile ; 
(/3)  a  carbonaceous  residue  left ;  any  sublimate  formed  is  of  a  red 
tint ;  (y)  odor  of  benzo-nitrile. 

[N.B.  Hippuric  acid  is  insoluble  in'ether,  but  benzoic  acid  is  soluble.] 
The  hippurates,  when  fused  with  excess  of  potassic  hydrate,  give 
off  ammonia,  and  yield  benzene  by  distillation. 

Citric  Acid  (CeHgOT).— l.  Heat;  (a)  does  not  blacken  immediately; 
(/3)  evolves  pungent  acid  fumes  ;  (y)  blackens  ultimately  (distin- 
guishes it  from  malic  acid).  , 

2.  Sulphuric  acid  and  heat  blackens  the  acid,  but  not  immediately 
(distinguishes  it  from  tartaric  acid). 

3.  Calcic  chloride  gives  no  ppt.  on  boiling  in  a  solution  of  the  free 
acid,  but  on  neutralizing  the  solution  with  KHO  a  white  insoluble 
ppt.  of  calcic  citrate  is  thrown  down.  The  ppt.  is  insoluble  in  KHO 
(distinguishing  it  from  calcic  tartrate),  but  is  soluble  in  NH4CI. 
Boil  the  ammonic  chloride  solution,  when  a  white  pjpt.  is  thrown  down, 
which  is  no  longer  soluble  in  NH4CI. 

4.  Calcic  citrate  heated  with  ammonia  and  argentic  nitrate,  yields 
no  metallic  mirror,  thus  distinguishing  it  from  tartaric  acid. 

Malic  Acid  {C,lleO,).— Crystals ;  colorless  prisms. 
1.  Heat  chars  the  acid,  and  yields  fumaric  acid. 
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2.  Calcic  chloride;  uo  ppt.  in  very  dilnte  aqueous  solutions,  but 
a  ppt.  forms  when  alcohol  is  added  (calcic  malate). 

3.  Fhimbic  acetate,m  neutral  solutions  a  white  ppt.  (plumbic  malate), 
sparingly  soluble  in  ammonia,  distinguishing  it  from  plumbic  citrate  and 
tartrate,  which  dissolve  easily. 

Tartaric  Acid  (CJiM-  .  .  . 

1.  Heat;  (a)  blackens  immediately  ;        caramel  odor  ;  (y)  gives  no 
sublimate. 

2.  H2SO4  and  heat ;  (a)  blackens  immediately  ;         caramel  odor. 
(Reaction  similar  with  tartrates.) 

3.  Fotassic  {chloride  or)  acetate  gives  a  precipitate  (with  moderately 
strong  solutions)  of  acid  potassic  tartrate,  KHC4H4O6.  The  delicacy 
of  this  reaction  is  increased— (a)  by  shaking  ;  (/3)  by  the  addition  of 
alcohol. 

4.  Calcic  chloride  (in  excess)  gives,  in  moderately  strong  solutions, 
an  immediate  white  precipitate  of  calcic  tartrate,  Ca"C4H406,  which 
rapidly  becomes  crystalline.  The  precipitate  is  soluble  in  KHO  or 
NaHO.    Ammoniacal  salts  prevent  the  reaction. 

Filter  off  the  precipitate  and  dry  gently.  Place  it  in  a  test-tube  with 
a  drop  of  ammonia  and  a  crystal  of  argentic  nitrate,  and  heat  very 
gently,  when  a  brilliant  silver  mirror  will  be  obtained.  (This  distin- 
guishes it  from  citric  acid.) 

5.  Lime  and  baryta  waters,  and  plumbic  acetate ;  white  precipitates, 
soluble  in  excess  of  acid. 

6.  In  neutral  solutions  of  tartrates: — 

Argentic  nitrate ;  a  white  precipitate,  soluble  in  ammonia. 
Calcic  chloride ;  a  white  precipitate. 

N.B. — Tartaric  acid  interferes  with  the  precipitation  of  ferric 
hydrate  by  ammonia,  owing  to  the  solubility  of  the  hydrate  in  a 
tartaric  acid  solution. 

Benzoic  Acid  (CyHgOg),  Crystals,  prismatic  needles. 

1.  Heat;  (a)  in  a  test  tube;  melts  at  212°  F.  (100°  C),  and  a  little 
above  this  sublimes  ;  emits  an  aromatic  odor  ;  (/3)  on  platinum  foil ; 
burns  with  a  smoky  flame. 

2.  Sulphuric  acid  and  heat  does  not  blacken,  but  dissolves  the  acid. 

3.  Nitric  acid ;  no  action. 

4.  Distilled  with  excess  of  CaO,  yields  benzene — (C7Hg02  +  CaO  = 
CeHg+CaCO.,). 

5.  Ferric  chloride ;  a  pale,  yellow-brown  precipitate  of  basic  ferric 
benzoate. 

Succinic  Acid  (C4Hg04);  Crystals;  oblique,  rhombic  prisms. 

1.  Heut;  (a)  in  test  tube ;  melts  at  356°  F.  (180°  C.j,  and  sublimes 
in  rtilky  needles,  emitting  an  irritating  odor;  (ft)  on  platinum  foil; 
burns  with  a  blue  flame,  without  .smoke. 

2.  Ferric  chloride  gives,  in  neutral  solutlon.s,  a  brownish-red  preci- 
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pitate  of  basic  ferric  succinate,  soluble  in  mineralacids ;  darkened  by 
ammonia. 

3.  Nitric  acid,  no  action. 

Note  the  distinctions   between   benzoic   and   succinic   acids,  as 
follows  : — 

1.  Benzoic  acid  heated  on  platinum  foil  burns  with  a  smoky  flame, 
while  succinic  acid  does  not. 

2.  Ferric  chloride  gives  a  brown  precipitate  with  both  acids.  Treat 
this  with  ammonia.  One  portion  is  decomposed,  whilst  another  forms 
a  soluble  succinate  and  benzoate.  Filter,  and  add  alcohol  and  baric 
chloride  to  the  clear  filtrate  : — 

{a.)  With  a  ferric  succinnate,  a  white  crystalline  precipitate  is  formed. 
(/3.)  With  a  ferric  benzoate,  no  precipitate  is  formed. 

Tannic  Acid— 

1.  Heated  in  tube,  fuses,  blackens  immediately,  and  gives  no  sublimate. 

2.  Sidphuric  acid  and  heat ;  turns  dark  brown.  (See  G-allic  Acid, 
which  turns  red.) 

3.  JSfitric  acid 'and  heat,  a  yellow  solution,  turning  red  on  boiling. 

4.  Ferric  chloride,  a  black  precipitate  and  coloration. 

Gallic  Acid— 

1.  Heated  in  tube,  fuses,  blackens  immediately,  giving  an  orange-red 
sublimate. 

2.  Sidphuric  acid  and  heat;  turns  magenta  red,  becoming  more 
intense  as  the  heat  increases.  {See  Tannic  Acid,  which  turns  brown.) 

3.  Nitric  acid  and  heat ;  same  as  Tannic  Acid. 

4.  Ferric  chloride ;  same  as  Tannic  Acid. 

Hydrocyanic  Acid  (see  page  619). 
Ferrocyanic  Acid  (see  page  620)  (H4Fe"Cy6). 

1.  Reaction  acid;  decomposes  alkaline  carbonates;  stable. 

2.  Ferrous  sulphate;  a  light  blue  ppt.,  KgFe.FeCyg. 

3.  Ferric  chloride;  a  deep  blue  ppt.  (prussian  blue)  'Fe"'4Fe"3Cyi8- 

Ferricyanic  Acid  (see  page  620)  (H3Fe"'Cy6). 

1.  An  unstable  acid. 

2.  Ferrous  sulphate ;  a  deep  blue  ppt.  (Turnbull's  blue)  Fe"3Fe"'8Cyi2. 

3.  Ferric  chloride;  a  deep  brown  coloration. 
Sulphocyanic  Acid  {see  page  620)  (HONS). 

1.  Reaction  acid;  easily  decomposed. 

2.  Ferric  chloride;  a  blood-red  coloration,  but  no  ppt.,  even  on 
boiling ;  color  discharged  by  mercuric  chloride  (HgClo). 

Meconic  Acid  (C7H4O7). 

1 .  Ferric  chloride ;  a  blood-red  coloration  ;  color  not  discharged  l>y 
merciiric  chloride. 
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Supplement  to  the  Fatty  Acids  (page  706). 
Fats  and  Oils. 

Definition. — The  fats  and  oils  are  combustible  bodies,  having  an 
iinctnous  feel,  communicating  a  greasy  stain  to  paper,  insoluble  in 
water,  but  soluble  in  alcohol  and  in  etlier.  They  are  all  compounds  of 
glycerine  with  palmitic,  oleic,  or  stearic  acid. 

Natural  History. — They  are  found  in  all  parts  of  the  vegetable, 
but  chiefly  in  the  seeds  (rape)  and  fruit  (olive).  They  also  occur  in 
the  animal,  formed  by  the  conversion  of  starch  and  saccharine  mat- 
ters, and  are  found  located  chiefly  under  the  cuticle,  or  in  the  omentum 
or  round  the  kidneys.  The  fat  is  generally  lodged  in  cells,  the  en- 
velope of  "which  consists  of  cellulin  or  gelatinous  tissue.  Fat  not 
unfrequently  occurs  as  a  product  of  tissue  degeneration  (as  in  the 
kidney,  liver,  etc.),  and  is  also  found  as  a  product  of  secretion  (as  in 
milk). 

Preparation. — (l.)  By  simple  pressure  (croton,  olive,  almond,  lin- 
seed, mustard,  etc.). 

(2.)  By  heat  and  pressure,  as  in  the  case  of  the  solid  fats  (such  as 
lard,  human,  cod-liver  (dark  colored),  castor  (hot  drawn),  etc.) 

(3.)  By  cold  and  pressure  (castor  and  cod-liver  (cold  drawn),  lard). 

(4.)  By  distillation  (volatile  oils). 

(5.)  By  destructive  distillation  (coal-tar  oils). 

(6.)  By  solution  in  a  fixed  oil,  in  alcohol  or  in  ether  (yelk  oil). 

(7.)  By  fermentation  (oil  of  bitter  almonds). 

Classification. 

I.  Fixed  oils ;  that  is,  oils  which  decompose  at  a  temperature  below 
that  at  which  they  distil,  and  impart  a  permanently  greasy  stain  to 
paper. 

II.  Volatile  oils ;  that  is,  oils  which  may  be  distilled  unchanged, 
and  that  impart  a  greasy  stain  to  paper,  which  is  not  permanent. 

I.  Fixed  OHs. 

The  fixed  oils  are  composed  of  two  or  more  neutral  substances, 
combined  with  some  of  the  acids  of  the  acetic  series,  or  willi  acids 
closely  allied  to  them. 
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These  are  divided  into  two  classes 
(A.)  Saponijiable  oils. 
(B.)  Non-sapontfiable  oils. 

(A.)  Saponifiable  Fixed  Oils— Some  of  these  arc  solid,  as,  e.r/., 
palm  oil ;  and  some  are  liqnii,  as,  e.g.,  olive  oil.  Of  animal  fats, 
those  from  lyam-blooded  animals  are  usually  solid  at  ordinary  tem- 
peratures (such  as  suet)  ;  whilst  those  from  coZrf-blooded  animals  are  ^ 
commonly  liquid  (such  as  the  fish  oils).  The  fats  and  oils  have  very 
little  odor  or  taste.  Their  specific  gravities  vary  from  0-91  to 
0-94. 

The  action  of  heat. — The  liquid  oils  may  be  solidified  by  cold.  The 
solid  fats  melt  at  from  70°  to  140°  F.  (2M°  to  60°  C.)  At  500°  F.  ^ 
(260°  C.)  they  usually  undergo  slight  decomposition.  At  about  600°  F. 
(315-5°  C.)  (that  is,  below  the  temperature  at  which  they  distil- 
hence  they  are  termed  fixed  oils),  they  decompose,  giving  off  carbonic 
anhydride  and  acrolein.  At  a  higher  temperature,  as,  e.g.,  when 
dropped  on  a  red-hot  iron  plate,  they  are  decomposed  into  various 
hydrocarbons  (oil  gas). 

Solubility.— T\\Qj  are  all  insoluble  in  water,  but  soluble'  in  boil- 
ing alcohol  and  in  cold  ether.  They  are  solvents  of  sulphur,  phos- 
phorus, etc. 

Action  of  Air.— (a.)  Rancidity.  By  exposure  to  air  the  oils  com- 
monly turn  rancid.  This,  however,  does  not  occur  in  the  case  of  pure 
oil.  Rancidity  is  brought  about  by  the  presence  in-the  oil  of  certain 
albuminous  matters,  which,  during  decay,  decompose  the  glyceric 
oleate,  or  the  glyceric  salts  of  other  acids. 

(/3.)  Drying  and  non-drying  oz7s.— Most  fats  and  oils,  when  exposed 
to  the  air,  absorb  oxygen  (some  at  the  same  time  evolving  carbonic 
anhydride),   ultimately  becoming    solid.     These  are  called  "  drying 
oils,"  of  which  linseed,  rape,  and  mustard  are  illustrations.    They  con- 
tain glyceric  oleate  (olein),  or  glyceric  salts  of  acids  homologous  to 
oleic  acid.    This  oxidation  process  has,  in  some  cases,  been  so  rapid 
that  active  combustion  has  resulted.    This  property  of  drying  is,  in 
many  cases,  increased  by  dissolving  in  the  oil  when  hot  a  twentieth 
part  of  its  weight  of  litharge  or  oxide  or  borate  of  manganese.  This 
constitutes  (as  in  the  case  of  linseed)  what  is  called  "boiled  oil." 
Other  oils  do  not  absorb  oxygen  ;— chemically,  they  differ  from  the 
drying  oils  in  containing  glyceric  salts  of  acids  other  than  those 
belonging  to  the  oleic  series,  such  as  glycerides  of  linoleic  acid, 
(CieHsgOs)  ;  nevertheless,  they  gradually  alter  by  exposure,  though 
in  a  different  manner.    These  are  called  "  non-drying  oils,"  such  as 
olive,  almond,  rape-seed,  etc. 

The  oils  are  all  decomposed  by  the  action  of  the  haloids. 
Acids  act  on  them,  forming  various  compounds.  _ 
With  the  fixed  alkalies  they  form  salts  called  soaps  (sapomfication;. 
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Potash  forms  with  them  a  soft  soap,  and  soda  a  hard  soap.  Ammonia 
Joes  not  form  a  true  soap  with  the  oils,  but  compounds  called 
umides. 

The  fats  combine  with  metallic  oxides  and  hydrates  to  form  plasters, 
^lycerin  being  set  free.    Thus  : — 

srbO     +    3H,0     +    2(C,H3-3C,gH33(),)    =   3(Pb2C,gT3„0,)    +  2(C3n,3HO). 
Plumbic    +    "Water    +    Oleate  of  glyceryl    =    Oleate  of  leid     +  Glycerin, 
oxide  (olive  oil)  (lead  plaster) 

The  following  is  a  tabulated  list  of  the  principal  fats  and  oils  : — 


Name. 


Source. 


1.  Non-drying  Oils. 
Olive      . .    . .    Olea  ouropaBa 

Almona  ..    ..    Amygdal  us  com- 
munis 

Sesam6   ..    ..    Sesamum  indl- 
cum 

Rapeseed . . 
Mustard  .. 

Colza 

Yelk..  .. 
Male  feru 
Human  . . 


Brassica  oleifera 
Fills  mas 


2.  Drying  Oils. 


Linseed 


"Walnut  .. 
Hempseed 
Poppyseed 
Croton    . . 


Castor 


Sperm 


Linum  usitatis- 
simum 


Ricinua  commu- 
nis 


3.  Fish  Oils. 


Common  whalo 
Cod  liver . .    . . 


Liquid  fat  in 
head  of  sper- 
maceti whalo. 

Common  whalo 

Gadus  morrhua 


4.  Solid  Fats, 


Tallow 


Lard  

Butter  . .  . . 
Palm     . .    . . 

Nutmeg  butter 

Cocoa  nut 


Cacao  butter  , 
Laurel  fat 
Yellow  wax  . 


Spermaceti 


Fat  of  ox,  Bhcep, 
etc. 

Soft  fat  of  pig 
Milk 

Elais  guinecnsis 
Myristlca 
Cocos  nuclfora 


Theobroma  cacoa 

Honeycomb  of 
bee 


Solid  fat  In  head 
of  spermaceti 
whale 


Sp.  Gr. 


0-918 

0-918  at 
60°  P. 


0-913 


1-939  at 
64°  F. 


0-969 

0-868 
0-927 


096 


0-940 


Solid  below  32°  F. 

(0°  0.) 
Solid  below  —13°  F, 
(—25°  C.) 


Fusibility. 
F. 


Solid  at -15°  C. 


Liquid  at 
ordinary 
temperatures. 


Solid  at  — 14°F. 
(—25-6°  C.) 

Solid  at  46°  F. 
(7-2°  C.) 

Solid  at  32°  F. 

(0°  C.) 
Solid  at  30°  F. 
(-1°  C.) 


81°  P. (27-2°  C.) 
87°  F.  (30-5°  C.) 
68°  P.  (20°  C.) 

85°  F.  (29-6°  C.) 
146°  F.  (63°  C  ) 

120°  F.  (49°  0.) 


Virgin  oil  is  the  oil  obtained 

by  pressure  without  heat. 
Seeds  yield  60  per  cent,  of  oil. 


YiekLs  orucic  acid  on  saponi- 
fication. 


Contains  filiclc  acid,  C14H14O5 
Contains  olein  and  marganne. 


28  per  cent,  extracted  from 
seed ;  12  per  cent,  left  in  the 
cake. 


Tlglic  acid,  but  not  crotonic 
acid,  la  obtained  from  the 
oil. 

A  rlcinoleatp,  of  glyceryl 
(CgHjSCiaHaaOa). 


Contains  phocenin. 


Contains  constituents  of  bile; 
also  aphosphorized  fat  (the 
oil  elves  a  crimson  with 
H^SOJ. 


Suet;  almost  entirely  stearlue. 


Becomes  more  solid  by  keep- 
ing. 

Volatile  oil  and  myrlstln  (C3 

HsSCi^Ha^Oa). 

Contains  glycerin,  combined 
with  caproic,  capryllc,  lau- 
ric,  myrlstic,  and  palmitic 
acids.  Used  for  marine 
soap,  being  soluble  in  NaCl. 

Chiefly  stoarine. 

White  wax  la  the  yellow  wax 
bleached.  Contains  cerolein 
(5  per  cent.)  and  corotic 
acid. 

Palmitate  of  cctyl  yields  othal 
(not  glycerine)  on  saponlfl- 
catiou. 
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The  following  Table,  from  Bloxam,  shows  the  principal  fatty 
bodies,  and  their  corresponding  acids  and  fusing  points. 


Neutral 
Fats. 

Formula). 

Chief 
Som-ce. 

Fusing 

Point. 
0  p_ 

Fatty 
Acids. 

FormulsB. 

Fusing 

Point. 
0  j< 

Stearin 
Palmitin    . . 
Margarin  . . 
Olein  . . 
Cetin  . . 
Myriein    . . 

^541^10406 
^'32^6402 

^46^92^2 

Tallow 
Palm  oil. 
Olive  oil. 

Do. 
Spermaceti. 
Bees'-wax. 

125  to  157 
114  to  145 

116 
Below  32 

120 

162 

Stearic. 

Palmitic. 

Margaric. 

Oleic. 
Palmitic. 
Do. 

^18^36^2 

C17H34O2 
^18^1 34^2 
^16^1 32^2 

159 
1^4 
140 
40 
144 

(B.)  Nonsaponifiable  Fats— This  includes  certain  bodies,  such 
as  cetene  and  ethal  from  spermaceti,  myriein  and  ceren  from  bees'- 
wax,  cholesterin,  etc. 

They  are  all  solid  crystalline  bodies,  and  fuse  at  temperatures 
varying  from  180°  to  300°  F.  (82°  to  149°  C.) 


II.— Volatile  Oils.    (See  page  650.) 


Soaps. 

A  soap  results  from  the  action  of  alkalies  on  fats  and  oils.  If 
potash  be  used  for  efiecting  saponification,  a  soft  soap  results  ;  if  soda, 
a  hard  soap.  Tallow,  pahii-oil,  cocoa-nut  oil,  and  kitchen  stuff  are  the 
fats  commonly  employed  in  the  manufacture  of  hard  soap,  whilst  seal 
and  whale  oil  are  used  for  soft  soap.    We  may  here  note  that — 

(a.)  Tallow  consists  of  about  three  parts  of  solid  stearin  (or  the 
glyceride  of  stearic  acid),  and  one  part  of  .liquid  olein  (or  the 
glyceride  of  oleic  acid). 

(/3.)  Palm  oil  consists  chiefly  of  solid  palmitin  (or  the  glyceride  of 

palmitic  acid)  and  olein. 

(y.)  Seal  and  whale  oils  consist  chiefly  of  olein. 

I.  Hard  soaps.— The  fat  is  first  boiled  in  a  soda  ley.  When  per- 
fectly dissolved  a  quantity  of  common  salt  is  added  {salting  out).  The 
soap  immediately  rises  to  the  surface,  being  insoluble  in  a  solution  of 
common  salt.  Thus  an  insoluble  sodic  stearate  (or,,  if  palm-oil  be 
used,  sodic  palmitate)  and  sodic  oleate  are  formed,  whilst  the  glycerin 
remains  in  solution.    Thus  : — 

(a.)  C3H5(Ci8H3g02)3  +  3NaH0  =  3NaC,8H3602  -f  C3Hs(OH)3. 
Stearin;  or  glyceride  +     Caustic    =     Sodic  stearate    +  Glycerin, 
of  stearic  acid  soda 
(B  )  CsB.WisM,  +  3NaH0  =  3NaCi8H3302  +  C3H6(OH)3. 
Olein;  or  glyceride   +     Caustic     =      Sodic  oleate      +  Glycerm. 
of  oleic  acid  soda 
The  soap,  that  is,  the  sodic  stearate  and  oleate,  is  then  allowed  to 


CANDLES. 


735 


collect  on  the  surface,  whilst  the  alkaline  ley  containing  the  glycerine 
is  drawn  off  from  below.  The  soap  is  then  pressed  in  iron  moulds. 
If  tallow  has  been  used,  the  soap  is  a  mixture  of  stearate  and  oleate  of 
soda ;  but,  if  palm  oil,  of  pahnitate  and  oleate  of  soda. 

Transparent  soaps  are  prepared  by  first  drying  the  soap,  then  dis- 
solving it  in  spirits  of  wine  by  heat,  and  pouring  the  solution  into 
moulds  after  a  sufficient  quantity  of  spirit  has  been  removed  by  dis- 
tillation, so  that  the  solution  may  set  perfectly  when  cold. 

Gli/cerine  soap  consists  of  a  mixture  of  the  soap  and  the  alkaline 
solution  containing  the  glycerin,  as  small  a  quantity  of  water  being 
used  in  the  operation  as  possible. 

In  silicated  soap,  silicate  of  soda  is  mixed  with  the  soap. 

In  the  common  yellow  soaps,  a  quantity  of  common  rosin  is  added. 

Castile  soap  is  made  from  olive  oil,  which  contains  the  glycerides 
both  of  palmitic  and  stearic  acids  (margarine),  as  well  as  oleic 
acid.  Hence  Castile  soap  is  mixed  stearate,  palmitate  and  oleate 
of  soda. 

The  appearance  of  mottled  soap  depends  on  the  presence  of  veins  of 
oxide  of  iron.  It  is  supposed  to  indicate  that  the  soap  is  tolerably 
free  from  water. 

II.  Soft  soaps. — In  fish  oil,  which  is  the  fat  used  for  soft  soaps, 
olein,  or  the  glyceride  of  oleic  acid,  predominates.  This,  with  a 
potash  ley,  yields  oleate  of  potash,  of  which  soft  soaps  are  principally 
composed.  The  solution  of  the  soft  soap  is  not  salted,  but  is  simply 
evaporated  to  the  necessary  consistency.  If  common  salt  were  used, 
the  soft  soap  would  be  converted  into  a  hard  soda  soap. 

Candles. 

Stearic  acid  is  commonly  employed  in  preference  to  tallow  for 
candles,  because  it  fuses  at  a  much  higher  temperature  159°  F. 
(70-5°  C). 

I.  The  old  process  of  Sa^ionification  by  Lime. — The  melted  tallow  is 
first  mixed  with  lime  and  water,  and  the  mixture  subjected  to  the 
action  of  superheated  steam.  In  this  way  an  insoluble  stearate  and 
oleate  of  lime  are  formed.  These  are  separated  from  the  solution 
which  contains  the  glycerin,  and  are  decomposed  by  the  action  of 
sulphuric  acid.  The  mixed  stearic  and  oleic  acids  set  free  are  sub- 
mitted to  pressure  in  a  hydraulic  press,  whereby  the  oleic  acid  is 
squeezed  out,  and  stearic  acid,  mixed  with  more  or  less  palmitic  acid, 
obtained. 

II.  Saponification  (so-called)  by  Sulphuric  Acid. — The  fats  (palm 
oil,  cocoa-nut  oil,  or  any  kind  of  refuse  fat),  are  first  mixed  in  copper 
boilers  with  about  one-sixth  their  weight  of  sulphuric  acid,  and 
the  mixture  heated  by  steam  for  some  time  to  350°  F.  (176*1°  C.). 
The  sulphuric  acid  converts  a  part  of  the  glycerin  into  sulpho-glyceric 
acid  (CjHgO^.SOs),  and  decomposes  the  remainder,  a  mixture  of  crude 
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palmitic,  stearic  and  oleic  acids  remaining  (probably  as  sulplio-acids), 
together  with  a  solid,  fatty  acid,  called  eladic  acid,  isomeric  with,  and 
derived  from  the  liquid  oleic  acid.  Thus  it  will  be  noted  that  tlie 
qua.ntity  of  solid  fats  obtained  by  this  process  is  increased.  These 
fatty  acids,  after  being  collected  and  well  washed,  are  distilled  in  a 
current  of  steam  heated  to  600°  F.  (315-5°  C),  the  oleic  acid  being 
removed  from  the  distillate  by  pressure.  A  pitchy  matter  remains 
in  the  retort,  which  is  used  in  the  manufacture  of  black  sealing- 
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III.  Saponification  (so-called)  hy  Steam.— The  advantage  of  this  pro- 
cess is  that  the  glycerin  can  be  obtained  at  once  in  a  pure  state.  It 
consists  in  merely  distilling  the  fat  by  the  action  of  superheated 
steam  at  600°  F.  (315-5°  C),  when  both  glycerin  and  fatty  acids  distil 
over.  After  the  distillate  has  stood  for  a  short  time,  the  fatty  acids 
collect  on  the  snrface  of  the  glycerin,  and  on  removal  may  be  at  once 
subjected  to  pressure  to  separate  the  oleic  acid.  The  glycerin,  as 
obtained  by  this  process,  is  at  once  fit  for  the  market. 

The  Tannins. 

The  Tannins  are  a  class  of  amorphous  bodies,  widely  distributed, 
constituting  the  astringent  principles  of  plants.  Our  knowledge  of 
these  bodies,  which  are  probably  modifications  of  tannic  acid,  is  very 
limited.    The  following  special  reactions  are  to  be  noted  :  — 

1.  They  have  all  a  slightly  acid  reaction,  and  a  very  astringent  taste. 

2.  They  yield  a  blue-black,  and  in  some  cases  a  green  precipitate 

with  ferric  salts. 

3.  They  precipitate  albumen  and  gelatine  from  their  solutions. 

4.  They  form  leather  (a  substance  having  a  power  of  resisting 
putrefaction)  with  animal  membranes.  [Note.— Gallic  acid  does  not 
possess  this  power.] 

The  tannic  acid  of  the  oak  {gallotannic  acid;  C27H22O17),  or  what 
is  more  probably  a  glucoside  of  tannic  acid,  is  extracted  by  a  mixture  of 
water  and  ether  from  certain  growths  (called  "  nut-galls  "),  occurring 
on  the  leaves  of  the  Qiiercus  infectoria,  and  said  to  be  produced  by  the 
puncture  of  an  insect. 

Tannic  acid  is  a  yellowish  amorphous  mass,  resolved  by  heat  into 
carbonic  anhydride,  pyrogallic  and  metagallic  acids.  It  is  soluble  in 
water,  the  solution  reddening  litmus.  When  boiled  with  acids  or 
with  a  strong  sokition  of  potash,  it  splits  up  into  glucose  and  galhc 
acid  the  same  change  occurring  spontaneously  when  the  powdered 
galls,  mixed  with  water,  are  allowed  to  ferment.  This  fermentative 
process  results  from  the  presence  in  the  nut-galls  of  a  nitrogeuized 
body,  capable  of  acting  as  a  ferment.  The  glucose  formed  ultimately 
undergoes  alcoholic  fermentation.  tj  n  ^  nn 

The  tannins  that  tarn  ferric  salts  black,  yield  2yyrogallol  (CgHeUs;  ou 
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ilry  distillation ;  whilst  those  that  turn  ferric  salts  green,  yield  pyro- 

catechin  (CgHgOs). 

jnh.  This  consists  of  a  mixture  of  nut-galls  with  water,  gum,  and 

ferrous  sulphate.  By  standing,  the  ferrous  salt  is  converted  into  a 
icrric  salt,  and  a  black  tannate  of  ferric  oxide  (?)  formed.  A  trace  of 
reosote  is  usually  added,  to  prevent  the  ink  becoming  mouldy.  The 
iirown  color  of  old  ink  is  due  to  the  oxidation  of  the  tannic  acid 
leaving  simply  the  brown  ferric  oxide.  Ink  leaves  an  iron-mould 
stain  wherever  it  has  fallen  on  linen  after  the  fabric  has  been  washed, 
from  the  removal  of  the  tannic  acid  by  the  alkali  of  the  soap. 

Tanning. — The  skin  (that  is  to  say,  the  dermis  or  true  skin)  is 
converted  into  leather  by  the  action  of  tannic  acid  on  the  gelatine. 
The  leather  formed  is  tough,  resists  putrefaction,  and  is  impermeable 
to  water. 

(a.)  The  skin  is  first  soaked  in  lime-water  for  the  purpose  of  sapo- 
nifying the  fat,  and  dissolving  the  sheath  of  the  hairs,  so  that  their 
removal  may  be  easily  effected. 

(/3.)  After  the  skin  has  been  cleansed  and  the  hair  removed,  it  is 
placed  in  very  dilute  sulphuric  acid,  in  order  that  any  adherent  lime 
may  be  neutralized  (otherwise  a  tannate  of  lime  would  be  afterwards 
formed),  and  also  to  "  raise  the  skin,"  that  is,  to  open  the  pores  to 
receive  the  tanning  liquid. 

(y.)  The  skin  is  then  placed  in  an  infusion  of  oak-bark  {ooze)  for 
a  few  weeks,  and,  finally,  a  number  of  skins  are  arranged  in  layers 
in  a  pit,  coarse  ground  oak-bark  being  placed  between  each  skin. 
Sometimes  sumach  (the  ground  shoots  of  the  rhus  coriaria)  is  used  in 
the  place  of  oak-bark.  On  removal  from  the  pit,  the  skins  are  dried 
in  a  free  current  of  air. 

Currying  consists  in  wetting  the  leather  first  with  water,  and  after- 
wards with  oil.  As  the  water  evaporates,  the  oil  sinks  into  the  skin. 

In  tawing  (as  in  the  preparation  of  kid  for  gloves),  the  lime  on  the 
skin  is  removed  by  lactic  acid,  a  sour  mixture  of  bran  and  water 
being  commonly  employed.  The  skin  is  afterwards  impregnated 
with  alumioic  chloride  (a  bath  of  alum  and  salt  being  commonly  used), 
which  effectually  prevents  putrefaction. 

In  shamoying  (as  in  the  preparation  of  wash-leather),  the  skin  is 
first  sprinkled  with  oil,  and  then  beaten  with  wooden  hammers.  It  is 
afterwards  exposed  to  a  warm  atmosphere  in  order  to  dry  the  oil, 
any  excess  of  oil  being  removed  by  a  weak  alkaline  bath. 
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THE  ETHERS. 

Oxy-Ethers — Ethers  of  Monohydric  Alcohols— Preparation— Ethers  of   Di-  and 
Trihydric  Alcohols.    Sulpho-Ethers.    Haloid  Ethers.    Compound  Ethers. 

I.  Oxy-Ethers. 

These  ethers  are  the  oxides  of  alcohol  radicals.  The  relationship 
subsisting  between  a  metallic  hydrate,  as  NaOH,  and  a  metallic  oxide,  as 
NaoO,  has  its  counterpart  in  the  relationship  between  an  alcohol  (that 
is,  a  hydrate  of  an  alcohol  radical)  as  ethylic  alcohol,  CM5  (OH),  and 
an  oxy-ether  (that  is,  an  oxide  of  an  alcohol  radical)  as  ethylic  ether, 

Just,  too,  as  we  have  monohydric,  dihydric,  and  trihydric  alcohols, 
so  we  have  ethers  of  monohydric,  dihydric,  and  trihydric  alcohols 
respectively. 

Ethers  of  Monohydric  Alcohols. 


Ethers. 

Formulae. 

Boilin 
0  p 

gPt. 
°  C. 

Sp.Gr. 

Eemarks. 

Methylic 

Methylic  ethylic  . . 
Methylic  amylic  . . 
Ethylic  (ether) 
Ethylic  butylic    . . 
Ethylic  amylic    . . 

Amylic  

Phenylic      . .    .  • 
Benzylic 

Phenylbenzylic    . . 

(CH3)'(C,H,)'0 
(CH3)(C,H„)0 

(C,H,)',0 
(C,H,)(0,Hg)0 

(C,a,)(C5fl„)o 

(C,H,)",0 

(o,a„)',o 

(C3H3)',0 

(C,H,)(6,S,)0 

-5-8 

51-8 
197-6 

96-0 
176-0 
233-6 
219-2 
348-8 
179-6 

—21 

11 

92 

35-6 

80 
112 
104 
176 

82 

1-617 
0-723 

A  colorless  liquid.  Does 
not  liquefy  at  — 1 6°  C. 
Burns  with  a  feebly 
luminous  flame.  The 
vapor  is  soluble  in 
water  (33  in  1),  alco- 
hol, wood  spirit,  and 
sulphuric  acid.  It 
forms  substitution  com- 
pounds with  01,  as 
{Cn^G\)fi,  etc. 

OXY-ETHERS.  739 

Prejmration  of  the  Simple  and  Mixed  Ethers  (General). 

(I,)  The  ethers  derived  from  the  alcohols  of  the  methylic  series 
^CnHjn+iOH),  or  of  the  vinylic  series  (CnH2n_iOH). 

Preparation. — By  the  action  of  sulphuric  acid  on  the  alcohol.  The 
>rocess  takes  place  in  two  stages  : — 

(a.)  The  sulphuric  acid  first  converts  a  portion  of  alcohol  into  a 
ulpho-acid  : — 

CjHgCOH)    +       H2SO4      =       C2H5HSO4      +  H2O. 
Ethylic  alcohol    +    Sulphuric  acid    =    Sulpho-ethylic  acid    +  "Water. 

(sulphovinic  acid) 

(/3.)  This  sulpho-acid  then  reacts  on  a  fresh  portion  of  alcohol : — 

C2H5HSO4    +   CsHsCOH)  =  {C^B.,\0  + 
Sulpho-ethylic  acid  +  Ethylic  alcohol  =  Ethylic  ether  +  Sulphuric  acid. 

[Note. — A.  That  the  sulphuric  acid  concerned  in  the  first  stage  of 
he  reaction  is  set  free  in  the  second  stage.  Thus,  theoretically,  a 
mall  quantity  of  acid  should  convert  an  unlimited  quantity  of  alcohol 
nto  ether. 

B.  That  by  boiling  the  ethers  with  dilute  sulphuric  acid  they  are 
onverted  into  their  corresponding  alcohols.    Thus  : — 

(a.)  CsHs)^©     +     2H2SO4  =  2[(C2H5)HS04]   +  H2O. 
(/3.)  (C2Hg)HS04    +    H2O  ■  =    H2SO4    +  C2H5(OH).] 
(H.)  The   ethers  derived  from   the   alcohols   of  the  ethylic  series 
CnHan+iOH),  of  the  vinylic  series  (CnHan-iOH),  and  of  the  benzylic  series 

CnH„n_70H). 

Preparation. — By  the  action  of  an  iodide  derivative  of  the  cor- 
esponding  hydrocarbon  on  the  sodium  or  potassium  derivative  of  the 
orresponding  alcohol. 
Thus,  to  prepare  ethylic  ether  two  stages  may  be  noted  : 
(a.)  By  the  action  of  sodium  on  ethylic  alcohol,  we  first  form  a 
odium  derivative  : — 

2C2H5.OH      +      Nag      =    2C2H5.NaO    +  Hg. 
Ethylic  alcohol     +     Sodium     =      Sodic  ethylic     +  Hydrogen. 

alcohol 

(/3.)  By  the  action  of  ethylic  iodide  (CgHgl)  on  the  sodic  ethylic 
Icohol,  we  form  ethylic  ether  and  sodic  iodide  : — 

CzHgCNaO)    +      C2H5I     =     (C2H5)20    +  Nal. 
Sodic  ethylic       +       Ethylic       =        Ethylic        +  Sodic 
alcohol  iodide  ether  iodide. 

It  will  be  seen  that  a  simple  ether  is  formed  when  the  haloid 
rivative  acts  on  a  metallic  derivative  of  a  corresponding  alcohol, 
■<j.,  when  ethylic  iodide  acts  on  sodic  ethylic  alcohol,  ethylic  ether, 
G^Hj)©,  is  formed  ;  but  that  a  mixed  ether  will  be  produced  when 
lie  haloid  derivative  acts  on  the  metallic  derivative  of  some  isomeric 
r  homologotis  alcohol ;  e.g.,  when  ethylic  iodide  acts  on  sodic  methylic 
Icohol,  methylic  ethylic  ether  (CH3)(C2H5)0  is  formed. 

3b  2 
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(III.)  Phenylic  ether  is  prepared  by  fusing  together  phenol  aud 
diazo-benzene  sulphate.    Thus  : — 

CeHgCNeHSO^)  +  CfiH^COH)  =  (CeH5)„0  +  +  H.SO4. 

Diazobenzene      +      Phenol      =     Phenylic     +  Nitrogen    +  Sulphuric 
sulphate                                         ether  acid. 

Ethylic  Ether. — Ethyl  Oxide;  Common  Ether  {C^^ 
Preparation. — (1.)   By  the  action  of   ethylic   iodide   on  sodium 
ethylate. 

NaCsHgO  +  CoHgl  =  (C2H5)20  +  Nal. 

(2.)  By  dehydrating  alcohol  by  means  of  sulphuric  acid.  This  re- 
action takes  place  in  two  separate  stages  : — 

(a.)  C2Hg,HO  +  H2S04  =  C2H5.HSO4  +  H2O. 
(/3.)  CfiHs.HSO^+CaHg.HO  =  (C2H5)20  +  H2S04. 

Properties.— 'Either  is  a  colorless  mobile  liquid,  with  a  peculiar  odor 
and  burning  taste.  It  is  combustible,  aud  when  the  vapor  is  mixed 
with  air  or  oxygen  it  explodes.  (Sp.  gr.  of  vapor  =  2*586.)  Slightly 
soluble  in  water,  and  miscible  in  all  proportions  with  alcohol.  Ether 
does  not  freeze,  but  when  moist  ether  is  cooled  it  forms  a  cryohydrate 
(C4H10O.2H2O). 

When  heated  with  dilute  sulphuric  acid  it  is  converted  into  alcohol. 
On  exposure  to  air  it  is  slowly  converted  into  acetic  acid.  With  hot 
nitric  acid  it  forms  carbonic,  acetic,  and  oxalic  acids,  and  with  chlorme 
it  forms  substitution  products. 

Jjses. — It  is  used  in  the  arts  and  manufactures,  as  well  as  in  the 
laboratory,  as  a  solvent  for  oils  and  fats;  also  for  the  preparation  of 
collodion  ;  in  medicine,  in  the  form  of  a  spray,  to  produce  cold  and 
efiect  local  anaesthesia  ;  also  as  a  general  anaesthetic  agent. 


Ethers  of  Dihydric  Alcohols. 


Ether. 

FormulsB. 

Boiling  Point. 

0  -p 

°  C. 

55-4 

13-0 

63-0 

35-0 

171-0 

95-0 

Preparation  (general).— By  the  action  on  the  glycols  (dihydric  alco- 
hols) (a),  first,  of  hydrochloric  acid,  whereby  a  chlorhydrin  is  formed ; 
and  (/3),  afterwards,  by  the  withdrawal  of  hydrochloric  acid  from  the 
chlorhydrin,  by  the  action  of  potassic  hydrate.  These  two  stages  are 
seen  in  the  preparation  of  ethylenic  ether,  as  follows  : — 


HALOID  ETHERS.  741 

(a.)  C2H,(OH)2  +       HCl        =     C2H4(0H)C1    +  H2O. 

Glycol       +    Hydrochloric     =     Ethylenic  chlor-     +  "Water, 
acid  hydrate 

(/3.)  C3H4(0H)Cl   +    KHO  =   CoH^O    +     KOI     +  H2O. 

Ethylenic  chlor-    +    Potassic    =    Ethylenic    +     Potassic    +  "Water, 
hydrate  hydrate  ether  chloride 

Ethylenic  Ether ;  Ethylenic  oxide  (C2H4O).    Molecular  weight,  44. 
■} Molecular  volume,  \    \    \.    Boils  at  56-3°  F.  (13-o°  C). 
Preparation. — (Described  above.) 

This  ether  is  the  only  one  of  the  ethers  of  the  dihydric  alcohols 
[  that  has  received  much  attention. 

It  combines  with  acidsa.sa,  base  ;  thus,  C2H40  +  HC1=C2H4(0H)C1. 

It  combines  with  water  to  form  glycol;  thus,  C2H40  +  H20  = 
lC2H,(OH)2. 

It  precipitates  many  metallic  salts,  as  hydrates,  from  their  solutions  ; 
;  thus,  2C0H4O  +  MgClg  +  2H2O =2  [C2H4(0H)C1]  +  MgU^O^. 

"With  nascent  hydrogen  it  forms  alcohol ;  thus,  C2H4O  +  13.<i= 
;  CeHsCOH). 

With  oxygen  it  forms  gly collie  acid  ;  thus,  C2H40  +  02=C2H403. 

Ether  of  the  Trihydric  Alcohols. 

Glycylic  Ether,  (03115)203,  is  the  only  ether  of  this  class  known. 
1  It  is  prepared  by  heating  together  glycerin  and  calcic  chloride,  the 
c  calcic  chloride  abstracting  three  molecules  of  water  from  the  glycerin. 
'Thus  — 

2(03Hg(OH)3)  =  3H2O  +  (03Hg)203. 

Glycerin  =        "Water         +         Glycylic  ether. 

II.— Sulpho-  or  Thio-Ethers. 

The  sulpho-ethers  bear  the  same  relationship  to  the  mercaptans 
I  that  the  ethers  bear  to  the  alcohols.    Thus — 

C2H6(0H)    —    C2H5.O.O2H5;  C2H5(SH)    —  02H5.S.02Hg. 
Alcohol        —  Ether       ;    Mercaptan      —  Sulpho-ether. 

Preparation. — (1.)  By  the  distillation  of  the  lead  derivatives  of  the 
mercaptans  [(02H5S)2Pb=(02H5)2SH-PbS]. 

(2.)  By  the  action  either  (a)  of  potassic  or  sodic  sulphide,  or  (/3) 
of  the  sodic  or  potassic  derivatives  of  the  mercaptans,  on  the  mono- 
'  haloid  derivatives  of  certain  hydrocarbons.    Thus  : — 
(a.)  2C2HgBr  +  K2S=(02H5)2S+2KBr. 
(/3.)  O2H5H-  C2H6(NaS)=NaI  +  (02H5)2S. 

III.— Haloid  Ethers. 

These  ethers  are  alcohols  where  a  haloid  element  or  a  cyanogen 
group  has  been  substituted  for  a  semi-molecule  of  hydroxyl. 


Ik 
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These  compounds  are  formed  either  by  the  action  on  the  alcohols 
(a)  of  the  haloid  acids,  or  (/3)  of  the  compounds  of  phosphorus  with 
the  haloids;  or  (y)  by  the  direct  substitution  of  the  haloids  for  hydro- 
gen in  saturated  hydrocarbons.    Thus  : — 

(a.)  C2H6(0H)  +  HC1=C2H5C1  +  H20. 
(/3.)  SCaHg.OH  +  PCl3=3C2H5Cl  +  H3PO3. 
(y.)  CH4+Cl2=CH3Cl+HCl. 

The  preparation  of  the  nitriles  is  deecribed  elsewhere. 

The  composition  and  properties  of  the  most  important  of  the  haloid 
ethers  have  been  already  described  under  the  several  hydrocarbons 
of  which  they  are  derivatives. 

IV.— Compound  Ethers. 

These  ethers  are  alcohols  where  the  hydroxyl  has  been  replaced  by 
an  acid  radical.    They  are  also  called  ethereal  salts. 
They  are  formed — 

(1.)  By  the  action  of  the  acids  on  the  alcohols  (C2H50H  +  HN03= 
C2H5NO3  +  H2O). 

(2.)  By  heating  a  silver  salt  with  an  alcoholic  iodide  (AgC2H302+ 
C2H5I  =  C2H3O2.C2H5  + Agl). 

The  alcohol  can  be  obtained  from  the  compound  ether  by  heating 
it  with  an  alkali  (C2H5NO3  +  KHO  =  C2HgOH  +  KNO,,). 


Etuskeal  Salt. 

Formulae. 

Boiling  Pt. 

Sp.Gr. 

Eemarks. 

°  C. 

Ethylic  nitrite  . . 
Ethylic  acetate . . 

18 
74 

0-900 
0-910 

Solution  in  alcohol 
forms  "  sweet  spirit 
of  nitre." 

Ethylic  butyrate 
Propylic  acetate 

121 

102 

0-910 
0-913 

'*  Essence  of  pine 
apple." 

AmyUc  acetate . . 

137 

0-883 

"Essence  of  Jargo- 
nelle pear." 

CHAPTER  XXVI. 

THE  ALDEHYDES. 

(Alcohol  Dkhydrogenatum). 

The  Aldehydes— Constitution— Preparation— Eeactions— Aldehydes  of  the  Acetic 
Series— Formic  Aldehyde— Aldehydes  of  the  Acrylic  and  Benzoic  Series— Other 
Aldehydes. 

The  aldehydes  are  formed  from  the  alcohols  by  the  simple  with- 
drawal of  hydrogen.  Thus  an  aldehyde  occupies  an  intermediate 
position  between  an  alcohol  and  an  acid,  containing,  in  the  case  of  the 
aldehydes  of  monohydric  alcohols,  two  hydrogen  atoms  less  than  the 
corresponding  alcohol,  and  one  oxygen  atom  less  than  the  cor- 
responding acid.    Thus — 

CH3.CH2OH;  CH3.COH    ;  CH3.COOH. 

Ethylic  alcohol ;  Acetic  aldehyde  ;  Acetic  acid. 

There  are  reasons  to  believe  that  the  hydrogen  of  the  alcohol  dis- 
placed to  form  an  aldehyde,  is  the  of  the  group  CHgOH.  Hence 
it  is  customary  to  represent  an  aldehyde  of  a  monohydric  alcohol 
by  the  formula  R'COH,  and  an  aldehyde  of  a  dihydric  alcohol  by  the 
formula  R"(C0H)2,  etc.  The  aldehydes  of  monohydric  and  of  dihydric 
alcohols  only  are  known. 

The  following  are  the  formulas  of  the  aldehydes  of  monohydric 
alcohols  : — 

Acetic  series  of  aldehydes  CnHgn+jCOH. 
Acrylic  „  CnHoQ—iCOH. 

Benzoic  „  CnH2a--C0H. 

C^H.„_9C0H. 

Preparation. — (General  methods.) 

(1.)  From  the  alcohols;  by  oxidation,  aS  e.g.,hj  atmospheric  air; 
by  the  action  of  chlorine  on  the  dilute  alcohol ;  by  the  action  of  dilute 
sulphuric  acid  and  potassic  bichromate,  etc.    Thus — 

CsHjCOH)      +       0       =      CH3COH      -f  H2O. 
Ethylic  alcohol  Oxygen     =     Acetic  aldehyde     +  Water. 

(2.)  From  the  adds ;  by  the  dry  distillation  of  calcic,  sodic  or  potassic 
formate  with  the  corresponding  metallic  salt  of  a  monobasic  acid. 
Thus— 

COH(OK)    +    CH3C0(0K)    =    CH3COH    +  K2CO3. 
Potassic        +  Potassic  =        Acetic  +  Potassic 

formate  acetate  aldehyde  carbonate. 
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Reactions : — 

Note. — (1.)  Their  conversion  into  the  corresjwnding  alcohols. — By 
the  action  of  nascent  hydrogen  (e.g.,  by  the  action  of  water  on  sodium 
amalgam).    Thus — 

CH3COH       +         Hg         =  CsHgCOH). 
Acetic  aldehyde      +       Hydrogen       =       Ethylic  alcohol. 

(2.)  Their  conversion  into  the  corresponding  acids. — By  oxidation  (e.g., 
by  the  action  of  air).    Thus — 

CH3COH        +         0         =  CH3COOH. 
Acetic  aldehyde       +       Oxygen       =        Acetic  acid. 

(3.)  Their  conversion  into  the  potassic  salts  of  the  corresponding  acids. — 
By  fusion  with  potassic  hydrate.    Thus — 

CH3.COH    +     KHO     =    CH3C0(0K)    +  Hg. 

Acetic        +     Potassic      =  Potassic  +  Hydrogen, 

aldehyde  hydrate  acetate 

(4.)  Their  conversion  into  chloraldehydes  (i.e.,  Clg  being  substituted 
for  0). — By  the  action  of  phosphoric  chloride.    Thus — 

CHaCCOH)   +      PCI5       =    CH3(CCloH)    +  PCI3O. 

Acetic  +     Phosphoric     =     Chlor-aldehyde    +  Phosphoric 

aldehyde  chloride  oxytrichloride. 

(5.)  Their  conversion  into  acid  chlorides. — By  the  action  of  chlorine 
or  bromine.    Thus — 

CH3(C0H)  +       CI2       =       HCl       +  CH3(C0C1). 
Acetic         +     Chlorine      =   Hydrochloric    +  Acetyl 
aldehyde  acid  chloride. 

The  aldehydes  form  crystalline  compounds  with  the  acid  sulphites 
of  the  alkali  metals.  The  aldehydes  of  the  acetic  series  form  with 
ammonia,  aldehyde  ammonias.  They  also  unite  with  aniline  to  form 
phenylated  aldines,  and  with  urea  to  form  ureides.  They  also  combine 
with  hydrocyanic  acid. 


Aldehydes  of  the  Acetic  Series  (C.Ha^.iCOH). 


Fusing  Point. 

Boiling  Point. 

Name. 

Formulae. 

0  Y. 

°  C. 

0  p 

°C. 

Formic  aldehyde    . . 
Acetic          , , 
Propionic      , ,  . .   . . 
Butyric        , , 
Isobutyric     , , 
Valeric         , , 
Isovaleric  „ 
Caproic  ,, 
(Enanthylic 
Cuprylic  ,, 
Palmitic       , , 

H,COH 
CH3,C0H 
CjHj.COH 
C3H,(a)C0H 
C3H7(/3)COH 
C,Hg(a)COH 
C,H9(3)C0H 
C,H„(i8)C0H 
CeH,3(«)C0H 
CsH.eO 
CjeHsjO 

10-4 
126-6 

—12 

52 

69-8 
118-4 
167-0 
143-6 
217-4 
199-4 
249-8 
305-6 
362-4 

21 
48 
76 
62 
103 
93 
121 
162 
178 

ALDEHYDE. 
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Formic  Aldehyde  {Methylic  Aldehyde)  HOOH.    A  gaseous  body. 
Preparation. — By  the  action  of  an  incandescent  platinum  wire  on  a 
mixture  of  air  and  the  vapor  of  methylic  alcohol. 

Acetic  (or  Ethylic)  Aldehyde  (CH3.COH)  (often  simply  called 
aldehyde).  Molecular  weight,  44.  Molecidar  volume,  \  j  |.  Sp.  gr., 
0-805.    Boils  at  69-8°  F.  (21°  C). 

Preparation. — By  distilHng  a  mixture  of  spirits  of  wine,  water,  sul- 
phuric acid  and  manganese  dioxide.  The  distillate  is  re-distilled 
with  calcic  chloride,  then  mixed  with  ether  and  saturated  with 
dry  ammonia  gas.  Crystalline  ammonium  aldehyde  separates.  This 
ammonium  aldehyde  distilled  with  dilute  sulphuric  acid  yields  alde- 
hvde. 

Properties. — A  colorless,  volatile  and  very  acrid  liquid,  soluble  in 
water  in  all  proportions,  having  a  neutral  reaction,  but  becoming  acid 
(acetic  acid)  on  exposure  to  air.  So  great  is  its  attraction  for  oxygen 
that  it  reduces  the  salts  of  silver  to  the  metallic  state.  Thus  by 
heating  a  mixture  of  aldehyde  and  argentic  nitrate  with  a  trace 
of  ammonia  in  a  test  tube,  the  silver  is  deposited  as  a  brilliant 
metallic  mirror  on  the  sides  of  the  tube.  When  treated  with  potassic 
hydrate,  aldehyde  is  decomposed,  and  a  brown  substance  formed, 
called  "resin  of  aldehyde."  With  hydrochloric  acid  it  forms  aldol 
(C^HgOe). 

There  are  three  isomeric  modifications  of  aldehyde,  viz. — 
Metaldehyde;  crystalline  ;  sublimes  at  248°  F.  (120°  C). 
Paraldehyde:  liquid;  boils  at  257°  F.  (125°  C). 
Elaldehyde;  crystalline;  fuses  at  35-6° F.  (2°  C.)  ;  boils  at  201-2°  F. 
(94°  C). 

Chloral,  CCl3(C0H). — By  the  action  of  chlorine,  aldehyde  is  trans- 
formed into  the  compound  called  chloral  or  trichloraldehyde,  the  H3 
of  the  CH3  being  replaced  by  CI3.    Thus — 

CH3.COH  ;  CCI3.COH. 
Acetic  aldehyde ;  Chloral. 

Properties. — Chloral  is  a  colorless  liquid  (specific  gravity  1-5)  boiling 
at  201 -2°  F.  (94°  C).  It  combines  rapidly  with  water  to  form  chloral 
hydrate  (CCla.COHjHgO).  By  oxidation  it  forms  trichloracetic  acid, 
CCl3C0(0H),  and  by  the  action  of  nascent  hydrogen  it  is  reduced  to 
aldehyde.  By  the  action  of  alkalies  it  is  at  once  decomposed  into 
•hloroform  and  a  formate  (CCl3COH  +  KHO=CCl3H  +  HCO(OK)). 

Chloral  Hydrate,  CCI3.COH  +  H2O. 

Preparation. — By  the  direct  union  of  chloral  with  water. 
Properties. — White  crystalline  solid,  easily  soluble  in  water  and  in 
alcohol.    Melts  at  51°  C.  and  has  a  specific  gravity  of  1-8. 
Uses. — In  medicine  it  is  used  to  produce  sleep. 
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Acetal. — When  gaseous  hydrochloric  acid  is  passed  into  a  solution 
of  aldehyde  in  anhydrous  alcohol,  a  compound  of  aldehyde  and  ethylic 
chloride  is  formed,  which,  by  heating  with  sodic  ethylate,  forms  a 
compound  of  aldehyde  and  ethylic  oxide  called  acetal  (CgHuOa)= 
C2H4(OC2H5)2.  Acetal  is  a  colorless  liquid  ;  specific  gravity  0-821°, 
boiling  at  284°  F.  (140°  C).  Under  the  action  of  platinum  black  it 
forms,  first,  aldehyde,  and  afterwards  acetic  acid. 


Aldehydes  of  the  Acryhc  Series  (C^H^^-iCOH). 

Of  this  series  two  members  are  known. 


Namb. 

Formulae. 

Boiling  Point. 

o  Y, 

"  C. 

Acrylic  aldehyde 
(acrolein). 

Crotonic  aldehyde 

CjH.O 

126-5 
220-1 

52-5 
104-5 

A  colorless  mohile  liquid.  By 
oxidation    it    forms  acrylic 
acid  (C3H4O2). 

Aldehydes  of  the  Benzoic  Series  (CnHsn-yCOH). 


The  following  members  are  known  : — 


Boiling  Point. 

AXDEHYDE. 

Formulae. 

"  C. 

Benzoic 

(Bitter  almond 
oil ;  Benzalde- 
hyde). 

CaH5(C0H) 

366-0 

180-0 

Preparation.— {\.)  By  tlie  oxi- 
dation of  amygdalin.  (2.)  By 
digesting  bitter  almonds  with 
water  (action  of  synaptase  on 
amygdalin).  Properties.— &■ 
colorless  liquid,  Sp.  gr.  1-043. 
Absorbs  oxygen  from  the  air, 
becoming  benzoic  acid. 

Paratoluic  . . 
Alpha-toluic 
Gumic 

C6H,(CH3)(COH) 
CsHsGHjCCOH) 
C6H,(C3H,)(C0H) 

399-2 
456-8 

204-0 
236-0 

Present  in  the  essential  oil  of 
cumin,  and  in  that  of  the 
water  hemlock. 

Sycocerylic 

Salicylic  aldehyde  (salicylol),  an  oxy-benzoic  aldehyde  C6H4(OH)COH, 
is  a  fragrant  oil,  boiling  at  385-7°  F.  (196-5°  C),  found  in  the  flowers 
of  the  meadow-sweet  {spircea  ulmaria).    By  oxidation  it  forms  salicylic 

^""^ Anisic  aldehyde  (C6H4(OCH3)COH)  is  a  fragrant  oily  liquid,  boiling 
at  476-6°  F.  (247°  C),  formed  by  the  oxidation  of  oil  of  aniseed. 
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Aldehydes  of  Series  (C^Hs^_9C0H). 

This  includes  dnnamic  aldehyde,  CH(CgH5)CH.C0H,  the  essential 
constituent  of  oils  of  cinnamon  and  cassia.  By  oxidation  it  forms 
cinnamic  acid. 


Aldehydes  of  the  Dihydrio  Alcohols. 

Of  these  the  only  one  of  any  importance  is — 

Glyoxal,  or  oxalic  aldehyde  (C0H)2,  which  may  be  prepared  by  oxi- 
dizing alcohol  with  nitric  acid.  It  forms,  by  oxidation,  glyoxalic  acid, 
COH  (COOH). 


CHAPTER  XXVII. 


THE  KETONES. 


Constitution — General  Preparation — Properties  and  Eeactions. 


A  KETONE  is  a  derivative  of  an  aldehyde,  in  which  the  hydrogen  atom 
of  the  group  COH  is  replaced  by  an  alcohol  radical.    Thus  : — 

Acetic  aldehyde,  CH3OOH,  forms  (CHs'jsCO,  acetone. 

Propionic  aldehyde,  CaHgCOH,  forms  (CeH5)2CO  diethyl  ketone. 

The  ketones  may  also  be  regarded,  either  as  compounds  of  carbonic 
oxide  with  monad  alcoholic  radicals,  as  (CH.,)2.C0,  or  as  compounds 
of  alcohol  radicals  with  acid  radicals,  as  CH3.C2H3O  (acetone). 

The  following  are  the  ketones  best  known.  They  correspond  to  the 
aldehydes  C„H2n+i-C0H,  or  to  the  fatty  acids  C^Hs^+iCOOH. 


Boiling  Point. 

Name. 

■Formulae . 

0 

°C. 

Dimetliyl  ketone  (acetone)  . . 

CO 

CH3 

1CH3 

Methyl  ethyl  ketone   

CO 

Methyl-isopropyl  ketone     . .    . . 

CO 

(CH, 

\  CH(CH3), 

199-4 

93 

Methyl  propyl  ketone  

CO 

fCH3 
IC3H, 

213-8 

101 

to 

h-l 

1,  Diethyl  ketone  (propione)    . .     . . 

CO 

lC,H, 
\  C3H5 

212-0 

100 

■  0. 

■  Methyl  butyl  ketone   

CO 

ICH3 
IC.Hs 

260-6 

127 

Iso 
meri 

\  Ethyl  propyl  ketone   

CO 

IC3H, 

262-4 

128 

•  .2 

(  Methyl -isoamyl  ketone  

CO 

JOH3 

311-0 

155 

no  55 
^1 

(  Dipropyl  ketone  (hutyrone)  . .    . . 

CO 

(C3H, 
ICaH, 

291-2 

U4 

Acetone  the  ketone  of  acetic  acid,  is  the  only  one  of  these  bodies 
that  has  received  particular  attention.  It  is  a  colorless,  limpid  hquid, 
having  a  specific  gravity  of  0-792,  and  a  vapor  density  (air  =  1)  01 
2-022.  It  burns  with  a  bright  flame,  and  mixes  with  water,  alcoJioi, 
and  ether  in  all  proportions.  , 

We  may  here  note  the  general  preparation  and  reactions  ot  tne 

ketones  of  the  CO{C^^n<>^\\  Sro"P- 
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Preparation. — 1.  By  the  action  of  carbonic  oxide  on  the  sodium 
organo-metallic  compounds,  such  as  sodium  ethide.    Thus: — 

2NaCoH5     +        CO  =     Nag     +  COCCoHg)^. 

Sodium  ethyl     +     Carbonic  oxide     =     Sodium     +     Diethyl  ketone. 

2.  By  the  action  of  the  acid  chlorides  on  the  zinc  organo-metallic 
compounds.    Thus : — 

Zn(CH3)2    +   2CO.CH3CI    =      ZnClo       +  2[CO(CH3)2]. 
Zinc  methide    +    Acetic  chloride    =    Zinc  chloride    +    Dimethyl  ketone. 

3.  By  the  oxidation  of  the  secondary  monohydric  alcohols.    Thus : — 

CH(CH3)20H  +  0   =      H2O      +  CO(CH3)2. 
Isopropyl  alcohol         =       Water       +       Dimethyl  ketone. 

4.  By  the  distillation  of  the  calcium  salts  of  the  fatty  or  other 
monohydric  acids,  or  mixtures  thereof.    Thus  : — 

(a.)       Ca(C2H302)2      =  CaCOa         +  CO(CH3)2. 

Calcium  acetate       =    Calcium  carbonate    +  Acetone. 

08.)  Ca(C5H902)2  +  Ca(C2H30)o=  2CaC03  +  2(CO.CH3.C4Hg). 
Calcium  valerate  +      Calcium      =     Calcium    +  Methyl-butyl 
acetate  carbonate  ketone. 

Ketones  differ  from  aldehydes  as  follows  : — 

1.  That  whereas  aldehydes  form  acids  by  spontaneous  oxidation, 
ketones  do  not. 

2.  That  whereas  aldehydes,  by  reduction  with  nascent  hydrogen, 
yield  primary  alcohols,  ketones  yield  secondary  alcohols. 

3.  That  whereas  aldehydes  reduce  an  ammoniacal  solution  of  ar- 
gentic oxide,  ketones  do  not. 

Ketones  resemble  aldehydes  by  forming  crystalline  compounds  with 
hydric-sodic  or  hydric-potassic  sulphate,  from  which  the  ketone  may 
be  afterwards  liberated  by  distillation  with  an  alkali. 

With  hydrocyanic  acid  the  ketones  form  cyanides,  which,  when 
digested  with  hydrochloric  acid  and  water,  form  acids  of  the  lactic 
series. 

Acetone.  Dimethyl  Ketone.  CO(CH3)2. 

Preparation. — Acetone  can  be  prepared  by  any  of  the  above  general 
methods,  but  it  is  best  prepared  by  the  dry  distillation  of  calcium  or 
lead  acetate.  The  crude  distillate  is  saturated  with  potassium  car- 
bonate, and  rectified  over  calcium  chloride  in  a  water-bath. 

Properties. — Acetone  is  a  colorless  liquid,  possessing  a  peculiar 
odor.  It  has  a  specific  gravity  of  0"795,  and  boils  at  55'3°  C. 
(131  "5°  F.).  It  is  miscible  in  all  proportions  with  water,  alcohol,  and 
ether.    It  is  used  in  the  arts  as  a  solvent. 


CHAPTER  XXVIII. 


THE  ALKALOIDS.    AMMONIA  DERIVATIVES. 

Thb  Ammonia  Derivatives — Amines — Amides  —  Imides  —  Nitriles  —  PhospMnes— 
Arsines,  etc. — Organo-Metallic  Bodies — Natural  Alkaloids — Vegetable  and 
Animal. 

The  alkaloids  are  a  group  of  organic  bodies,  containing  nitrogen,  and 
capable  of  combining  with  acids  to  form  salts.  The  solutions  of  the 
alkaloids  have  generally  an  alkaline  reaction. 

Many  of  the  alkaloids  can  be  prepared  artificially,  and  from  their 
method  of  preparation  and  their  decompositions,  their  constitution  is 
pretty  well  known.  They  may  be  considered  as  ammonia  in  which 
the  hydrogen  is  replaced,  wholly  or  in  part,  by  a  compound  radical. 

The  constitution  of  the  natural  alkaloids  is  however,  as  yet  very 
imperfectly  understood.  They  are,  however,  probably,  like  the  artificial 
alkaloids,  derivatives  of  ammonia,  but  it  is  unknown  by  what  radicals 
the  hydrogen  has  been  replaced. 

I.— The  Amines.   Compound  Ammonias. 

An  amine  is  an  ammonia  in  which  one  or  more  of  the  hydrogen 
atoms  have  been  replaced  by  one  or  more  alcohol  radicals  (that  is,  a 
radical  which,  like  CHg,  does  not  contain  oxygen).  The  amines  may 
be  classified  as  follows  : — 

A.  Monamines. — Bodies  formed  on  the  type  of  a  single  ammonia 
molecule  (NH3).    Monamines  are  subdivided  into  three  groups — 

a.  Primary  monamines,  where  one  H  only  is  replaced  (NHgll  )• 
/3.  Secondary  monamines,  where  Hg  is  replaced  (NHR'2). 
y.  Tertiary  monamines,  where  H3  is  replaced  (NR'3). 

B.  Diamines.— BodiXQS  formed  on  the  type  of  a  double  ammonia 
molecule,  NgHg. 

C.  Tna?nmes.— Bodies  formed  on  the  type  of  a  treble  ammonia 
molecule,  N3H9. 

D.  Tetramines. — Bodies  formed  on  the  type  of  a  quadruple  ammonia 
molecule,  N4Hi2- 

A.  Monamines. — Organic  bases  formed  on  the  type  of  a  single 
ammonia  molecule.  The  monamines  may  be  primary,  secondary,  or 
tertiary. 

a.  Primary  monamines,  that  is,  ammonias  where  one  hydrogen  atom  has 
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een  replaced  by  one  compound  hydrocarbon  radical.  Example  : — ethyl- 
luine,  NH5(C2H5). 

Preparation. — 1.  By  the  action  of  the  caustic  alkalies  on  cyanates 
f  the  alcohol  radicals  : — 

C2H5.CNO    +         2KH0       =  NH2.C2H5   +  K2CO3. 
Ethylie  cyanate    +    Potassic  hydrate    =    Ethyl-amine    -f  Potassic 

carbonate. 

2.  By  the  action  of  the  iodides  or  other  haloid  compounds  of  the 
cohol  radicals  on  ammonia,  and  the  subsequent  decomposition  of  the 
jmpound  formed  by  potassic  hydrate  : — 

fa.)        C2H5T  +        NH3        =  NH2.C2H5HL 

Ethylie  iodide      +      Ammonia      =        Ethylammonic  iodide. 

{(].)  NH2(C2H5)HI  +  KHO  =  NH2(C2H5)  +    KI    +  HgO. 

Ethylammonic     +  Potassic  =     Ethylamine     +  Potassic  +  "Water, 
iodide  hydiate  iodide 

[This  process  is  also  available  for  the  preparation  of  secondary  and 
rtiary  monamines.] 

3.  By  the  action  of  reducing  agents  on  certain  nitro  derivatives  of 
16  Jiydrocarbons : — 

C6H5(N02)      +  =       NHaCCfiHs)      +  2H2O. 

Nitro-benzene      +     Hydrogen    =  Aniline  (phenylamine)  +  Water. 

/3.  Secondary  monamines,  that  is,  ammonias  (NH3),  ivhere  two  hy- 
ogen  atoms  are  replaced  by  two  compound  radicals,  the  same  or  different, 
'.'■ample:  Diethylamiue,  ]SIH(C2Hg)2. 

Preparation. — By  the  action  of  a  haloid  compound  of  an  alcohol 
dical  on  a  primary  monamine  (the  alcohol  radical  being  the  same  or 
fferent  to  that  contained  in  the  monamine),  and  the  subsequent  action 
1  the  product  of  potassic  hydrate  : — 

(CsHg)!      +  NH2(C2H5)  =  NH(C2H5)2  +  HI. 
Ethylie  iodide    -f    Ethylamine     =    Diethylamine    +    Hydriodic  acid, 
(y.)  Tertiary  monamines,  that  is,  ammonias  (NH3),  where  three  hydro- 
n  atoms  are  replaced  by  three  compound  radicals,  the  same  or  different, 
■cample:  Triethylamine,  (NC2H6)3. 

Preparation. — By  acting  in  a  similar  manner  to  that  described  above 
th  ethylie  iodide  on  a  secondary  monamine : — 

(CsHs)!     +  NH(C2H5)2  =    N(C2H5)3    +  HI. 
Ethylie  iodide    +    Diethylamine    =    Triethylamine    +    Hydriodic  acid. 

[Note. — In  practice,  when  we  act  on  ammonia  with  ethylie  iodide, 
these  compounds  are  formed  in  varying  proportions.  They  cannot 
separated  by  fractional  distillation.] 

Properties  of  the  Amines. — The  amines  are,  with,  few  exceptions, 
-ic  compounds.  They  are  alkaline,  and  possess  an  aramoniacal  and 
h-like  odor.  They  precipitate  many  metallic  salts,  and  combine 
rectly  with  acids  to  form  crystalline  salts.    Their  chlorides  form 
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with  platinum  chloride  the  double  salt  analogous  to  ammonium- 
platinic  chloride.  The  salts  of  the  amines  are  decomposed  by  the 
action  of  alkalies  just  like  ammonia  salts. 

Primary  amines  are  converted  by  the  action  of  nitrous  acid  into  the 
corresponding  alcohol,  the  secondary  amines  being  converted  under 
similar  conditions  into  nitroso  compounds. 

NH(C2H5)2    +    H.NO2    =     N(C„H3)2.NO     +  H^O. 

Nitroso-dietliylamine 

The  tertiary  amines  are  not  affected  by  nitrous  acid,  but  they  com- 
bine with  the  alcoholic  iodides,  giving  rise  to  an  iodide  of  a  compound 
ammonia  which  is  not  decomposed  by  potassic  hydrate,  and  which 
moist  silver  oxide  converts  into  hydroxides. 

The  following  is  a  list  of  the  chief  monamines : — 


Names. 


Methylamine 


Dimethylamine . . 
Trimethylamine . 


Tetrametliyl-am- 
monic  hydrate. 


FormulsB. 


OS 

02 


NH,(CH3) 


Ethylamine 


Diethylamine  . . 
Triethylamine 


NH(CH3)2 

N(CH3)3 

N(CH3),(0H) 
NH,(C,H,) 


Boiling  point. 


1-08 


0-6964 
iit 

8°  C 


NH(C,H,), 
N(C,H,)3 


66-2 


136-5 
195-8 


C. 


19-0 


57-6 
91-0 


Properties. 


A  gas,  alkaline,  and  of  ammo- 
niacal  odor.    Liquefied  at 
— 0-4°F.  (—18°  C).  One 
vol.    of    water    at  SS'ff" 
(12°  C.)    dissolves  1,040 
vols,  of  gas.  Inflammable, 
and  bums  with  a  yellow 
flame.    It  occurs  in  herring 
brine,  and  is  a  product  rf 
the  action  of  H  on  HON. 
A  colorless   gas,   boiling  at 
46-4°  F.  (8°  C).  Smells 
of    NH3     Isomeric  •ffitii 
Ethylamine. 
A  colorless  gas,  liquefying  at 
48-7°  F.  (9-3  C).  Smells 
of  ammonia  and  fish  brine. 
Isomeric  with  Propylamine. 
"When  heated  it  yields  tri- 
methylamine   and  methyl 
alcohol. 
Specific  gravity  of  vapor,  1 -87. 
Ammoniacal  odor.  Alkaline 
reaction.    Forms  salts  wiui 
acids.    Fumes  with  HCL 
Like  ammonia,  precipita_ 
metallic  salts.dissolves  AgCl; 
and  produces  a  blue  ppt 
with  copper  salts.  Vapor 
flammable.  DecomposedD 
HNO2  into  N  and 
nitrite.  .  . 

A  colorless   alkaline  liql^ 
soluble  in    water;  f' 
salts  with  acids. 
A  colorless    alkaline  h^  _ 
Forms  crystalline  salts  «i 
acids. 
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Names. 

Formiilse. 

0  ^  cr* 
(U  OS  "d 

Boiling  Point. 

Properties. 

0 

°C. 

•trethyl-ammo- 
nic  hydrate 

aylamine 

amylamine 
iamylamine    . . 

tramyl-ammo- 
nic  hydrate 

N(C,H,),(OH) 

NH,(C,H.,) 
N(C,H„)3 

"V/ri  XT    \  //MJ\ 

0-7503 

at 
18°  C. 

199-4 

338-0 
494-6 

93-0 

170-0 
257-0 

Crystalline.  The  crystals  de- 
composed hy  heat  into 
methylamine,  water,  and 
ethylene.  The  solution  is 
colorless,  alkaline  and  bitter. 
Closely  related  to  potassic 
hydrate. 

A  colorless  liquid,  alkaline, 
haying  an  ammoniac^ 
smell. 

An  alkaline  liquid. 

A  colorless  liquid;  the  salts 
are  sparingly  soluble  in 
water. 

A  solid  crystalline  body ;  when 
heated  it  yields  triamyla- 
mine,  amylene,  and  water. 
It  is  not  very  soluble  in 
water. 

tylamine 
butylatnine 
ibutylamine    . . 
trabutyl-ammo- 
lic  hydrate 
[ylamine      . . 
illylamine    . . 
iUylamine  . . 
tra-allyl-ammo- 
lic  hydrate 

NH,(C,H,) 
NH(C,H,), 

N(CX),(H0) 

"WTT  /n  XT  \ 

N(C,H5), 
N(C,H;),(6H) 

'uiyi "  etnyia  - 
nine 

thyl  -  ethyl  - 

ihenylamine 

lyl-amylamine 

N(CH3)(C,H,)(CeH,) 
NH(C,H,)(C,H„) 

izylamine    , . 
aenzylamine, . 

n  ATI       TT  1  O  YVt  1  Tl  a 

uouzy  idmine  . 

NH,(C,H,) 
■'^(^'^7)3 

359-6 

182-0 

A  colorless  liquid.    It  absorbs 
CO2  and  fumes  with  HCl. 

lylamine 
sylylamine  . . 
xylylamine  . . 

NH(CX). 

)  Oily  liquids,  soluble  in  alco- 
J    hoi  and  ether,  insoluble  in 
)  water. 

mylamine 
ymylanune  . . 
cymylamine 

NH,(C,oH,3) 
NH(C  H,3), 
N(C,oH,3)3. 

636-0 
572-0 

280-0 
300-0 

1  OUy  liquids. 

A  crystalline  solid.    Melts  at 
177-8°  F.  (81°  C). 

phthalidine  . . 

iline  (phenyla- 
nine) 

NH,(C,„H,) 
NH,(CeH3) 

1-028 

359-6 

182-0 

A  crystalline  solid.  Prepared 
hy  the  action  of  NH^HS  on 
an  alcoholic  solution  of  nif  ro- 
naphthalene.    Forms  salts. 

3  c 
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Names. 


Toluidine . . 
(tolylamine ; 
amidotoluene) 


Conine  ' . 
Piperidine , 
Pyrrol 


Pyridine 


Picoline  (parani- 

line) 
Lutidine    . . 
Collidine  (xyli- 

dine) 
Ghinoline  . . 


Parvoline  (cumi- 

dine) 
Cjmidine  (cori- 

dine) 
Eubidine  . . 
Viridine 


Formulae. 


NH^lCeH.Me) 
or 

NH,(C,H,) 


NH(C,H,o)" 


N(C,H,)" 


N(C,H,)"' 
N(C,HJ' 

N(C,H,) 


N(C,H,3)"' 
N(C,oH,,)" 
N(C„H„)" 


--g  '3 

50  O 


Boiling  point. 


1-077 


0-955 


1-081 


F. 


°C. 


271-4 


242-6 


271-4 

309-2 
419.0 

455-0 


370-4 

482-  0 

446-0 

483-  8 


133-0 


117-0 


133-0 

154-0 
215-0 

236-0 


188-0 

250-  0 

230-0 

251-  0 


Properties. 


Exists  in  three  forms;  aspara- 
toluidine,  a  crystalline  solid, 
melting  at  45°  C. :  ortho- 
tohiidine,  a  liquid,  Sp.  Gr. 
0-998,  boiUng  at  197°  C, 
becoming  rose  colored  on 
exposure  to  air ;  and  meta- 
toluidine,  a  crys'talline  solid 
melting  at  57°  C. 


Prepared  from  animal  oils.  A 
colorless  liquid,  turns  a 
piece  of  fir  wood  moistened 
with  HCl  purple. 

Prepared  from  coal  tar  naphtha, 
and  by  heating  amyl  nitrate 
with  phosphoric  anhydride 
C,H„N03-3H,0=N(C,H,) 

A  liquid  prepared  from  coal 
tar  naphtha. 

Do. 

Do. 

By  distilling  quinine,  etc.,  with 
a  strong  solution  of  potassic 
hydrate.  A  colorless  oily 
liquid  forming  salts  wim 
acids. 

A  liquid  prepared  from  ooal 
tar  naphtha. 


(B.)  Dia^rrmieS.— Organic  bases  formed  on  the  type  of  a  double  ammonia 
molecule  (NoHg). 

Preparation.— Bj  the  action  of  a  haloid  salt  of  a  diatomic  alcohol 
radical  (as  ethene  (ethylene),  C2H4,  etc.),  on  ammonia.    Thus  :— 

2NH3    +     (CeH4)"Br2    =    ^,-R,{CJi,)"    +  2HBr. 
Ammonia    +        Ethylene        =  Ethylene  +  Hydrobromic 

dibromide  diamine  acid. 

That  is,  N2H4(C2H4)"  represents  a  double  ammonia  molecule 
(NoHg),  where  two  atoms  of  hydrogen  have  been  replaced  by  the 
diatomic  radical  (C2H4,)". 

Also  dlethene  -  diamine  (N2H2(C2H02)  and  triethene-diamine 
(N2(C2H4)3)  can  be  produced  by  the  action  of  ethene  dibromide  on 
ammonia. 
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The  diamines  unite  directly  with  water  to  form  ammonia  hydrates : 
The  following  table  represents  some  of  the  diamines : — 


Name. 

r  ormula. 

Boiling  point. 

Properties. 

0  -p 

°C. 

Ethylene  diamine. . 

N,F,(CX)'(C0)" 
N,H3(C,H,)'(CS)" 

242-6 

117-0 

An  oily  liquid. 

Sulphur-urea 

Sulpho-phenyl-urea   . . 

(C)  TriamineS. —  Organic  bases  formed  on  the  type  of  a  treble  am- 
monia molecule  (NgHg). 

To  this  class  belong  many  of  the  bases  of  the  aniline  colors,  such  as 
Tosaniline,  etc. 


There  are  certain  other  amines  to  which  mere  reference  must  suffice, 
it  being  impossible  to  classify  them  : — 


Name. 

Formulaj. 

Sp.  Gr. 

Properties. 

Furfurine  . . 

Benzoline ; 
(amarine) 

Thialdine  .. 

1-191 

Prepared  hy  boiling  furfuramide,  a  body 
formed  by  the  action  of  ammonia  on  a  so- 
lution of  furfurol  (CjH^Oj)  in  potassic  hy- 
drate. A  powerful  base  soluble  in  boiling 
water  (1  in  135),  iu  alcohol,  and  in  ether. 
Solutions  alkaline ;  salts  bitter. 

By  the  action  of  potassic  hydrate  on  hydro- 
benzamide  (C^HgO).  A  solid  substance  in- 
soluble in  water. 

Forms  solid,  highly  refracting  crystals.  It  is 
volatile,  and  yields  salts  with  acids. 

Aniline  (CgH^N  =  93). 

Specific  Gravity,  1-028;  Freezing  point,  17-6°  F.  (—8°  C.) ;  Boiling 
point,  359-6" F.  (182°  C);  Molecular  volume,  \  ~\~\- 

Origin  of  Name— From  the  indigo  plant,  Indigofera  anil. 
Synonyms. — Phenylamine  (regarding  it  as  an  ammonia  derivative) ; 
Phenylia ;  Amido-benzene. 

Constitution. — Aniline  may  be  regarded  either  (1)  as  an  ammonia 
derivative,  where  one  of  hydrogen  is  displaced  by  one  of  phenyl 
(CgHs)  :— hence  called  NH2(C6H5)';  or  (2)  as  an  amido- 

derivative  of  benzoic  acid,  hence  called  amido-benzene,  CgH5(NH2). 

For  the  following  reasons  we  are  led  to  regard  aniline  as  an  am- 
monia : — 

3  c2 
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N ;  and  Diethyl-phenyl  amine  C2H5  ■■  N 

CgH^  J 


(a.)  Its  behaviour  with  ethylic  iodide.  — Thm  it  forms  successively 
ethyl-phenyl-,  diethyl-phenyl-,  and  triethyl-phenyl-ammonic  iodide, 
the  two  former  yielding — 

C2H5 

Ethyl-phenyl  amine  CgH^ 

H 

respectively,  when  treated  with  potassic  hydrate  ;  the  last  yielding 
triethyl-phenylammonic  hydrate  when  treated  with  water  and  argentic 
oxide. 

This  reaction  corresponds  to  that  of  amines,  as  already  explained 
(page  750). 

(jS.)  As  potassic  hydrate  separates  NH3  from  ammonic  salts,  so  it 
separates  aniline  (CgH^N)  from  aniline  salts. 

(y.)  By  heating  together  phenic  acid  and  ammonia  in  an  hermeti- 
cally sealed  tube,  aniline  is  formed  by  the  substitution  of  phenyl 
(CgHs)  for  hydrogen. 

(3.)  The  salts  of  aniline  correspond  to  the  salts  of  ammonia. 

Preparation. — By  distilling  powdered  indigo  with  a  saturated 
solution  of  potassic  hydrate  : — 

CgHsNO   +    4KH0  +  HgO   =  2H2   +   2K2CO3   +  C6H7N. 
Indigo      +     Potash     +   Water    =  Hydro-  +     Potassic     4-  Aniline. 

gen  carbonate 

(2.)  By  heating  together  ammonia  and  phenol  for  two  or  three 
weeks  in  sealed  tubes  (Laurent) — 

C6H5(OH)      -h     NH3     =     HgO  CgHsCNHa) 
Phenol         -f-     Ammonia    =     Water       +  Aniline. 

(3.)  By  the  action  of  reducing  agents  on  nitro-benzene  ;  such  as, — 
(a.)  Sulphuretted  hydrogen  (Zinin)  — 

C6H5(N02)    +      3H2S      =    2H2O    +      S3      +  CfiH.N. 
Nitro-benzene     -f-  Sulphuretted  =      Water     +   Sulphur  -f-  AniUne. 
hydrogen 

(/3.)  Ferrous  acetate  (Bechamp) — 

(y.)  Dilute  sulphuric  acid  and  zinc  (i.e.,  nascent  hydrogen) — 

C6H5(N02)      +  =       2H2O       +  CgH^N. 

Nitro-benzene       -1-     Hydrogen     =        Water         +  Anilme. 

[In  the  commercial  manufacture  of  aniline,  nitro-benzene  is  heated 
in  a  retort  with  glacial  acetic  acid  and  iron  filings,  when  the  aniline 
distils  over,  together  with  water,  which  floats  upon  the  aniline.  It  is 
then  drawn  off  from  the  water,  any  acetate  present  being  decomposed 
with  an  alkali,  and  redistilled.  All  the  aniline  of  commerce  contains 
toluidine,  since  commercial  benzene  always  contains  toluene.] 

Aniline  is  found  amongst  the  products  of  the  distillation  of  coal  and 
other  organic  matters. 

Properties.— ("•)  Sensible.    Aniline  when  pure  is  a  colorless  oily 
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liquid,  but  on  exposure  to  light  and  air  turns  brown.  It  has  a  peculiar 
odor  and  a  burning  taste.    It  is  an  active  poison. 

(13.)  Physical.  Specific  gravity,  1-028.  It  freezes  at  17-6°  F. 
(— 8°C.),  forming  a  crystalline  mass.  It  boils  at  359-6°  F.  (182°  C). 
It  is  slightly  soluble  in  water  (forming,  possibly,  a  hydrate),  and  is 
very  soluble  in  alcohol  and  ether. 

(y.)  Chemical.  The  aqueous  solution  has  an  extremely  weak  alka- 
line reaction,  not  sufficient,  however,  to  blue  red  litmus  paper.  Its 
vapor  forms  white  fumes  with  hydrochloric  acid.  By  contact  with  air 
it  becomes  of  a  dark  color  and  of  resinous  consistency.  By  the  action 
upon  it  of  oxidizing  agents,  the  various  aniline  colors  are  formed. 
With  the  haloids  (but  not  by  their  direct  union)  it  forms  substitution 
products,  as  chlor-  or  brom-aniline  (CgHgClN),  dichlor-  or  dibrom- 
aniline  (CeHsClgN),  and  trichlor-  or  tribrom-aniline  (CgH^ClaN).  The 
first  two  of  these  haloid  substitution  compounds  are  bases,  and  form 
salts;  but  the  last  compound,  i.e.  where  the  substitution  is  complete,  is 
neutral.  Anihne  is  a  powerful  organic  base,  and  with  acids  forms 
crystalline  salts. 

Numerous  other  substitution  products  of  aniline  have  been  prepared, 
as,  e.g.,  nitraniline,  C6Hg(N02)N,  a  body  existing  in  two  modifications  ; 
dinitraniline,  C6H5(N02)2N ;  diphenylamine,  NH(C6H5)2,  etc.  With 
cyanogen  it  forms  the  compound  cyan-aniline  (C6H7N)2Cy2. 

When  nitrous  acid  is  passed  (a)  into  anihne,  phenol,  nitrogen,  and 
water  are  evolved  ;  but  when  the  acid  is  passed  through  (/3)  an  alco- 
holic solution  of  aniline,  azodiphenyl-diamine  and  water  are  formed, 
(y)  If  azodiphenyl-diamine  be  treated  with  nitrous  acid,  an  explosive 
body,  diazo-diphenylamine,  is  produced. 

These  several  reactions  may  be  shown  as  follows  : 

(a.)       CgHyN    +    HNO2    =    CeHeO    +    H2O    +  Ng. 

Aniline      +  Nitrous  acid  =      Phenol      -|-    "Water     +  Nitrogen. 

ifi.)      2C6H7N    +    HNO2    =    CiaHnNg    -f  2H2O. 

Aniline       -|-  Nitrous  acid  =    Azodiphenyl-  -|-  "Water. 

diamine 

(y.)       CieHiiN,    +       NO3     =    CigNgH^      +  2H2O. 
Azodiphenyl-  -^^  Nitrous  acid  =  Diazo-diphenyl-  -|-  "Water, 
diamine  diamine 

With  an  alkaline  hypochlorite  aniline  forms  a  violet  (mauve).  With 
chromic  acid  it  gives  a  bluish-black  precipitate.  Heated  with  mercuric 
chloiide  it  forms  magenta. 

Uses. — For  the  manufacture  of  dyes. 

Toluidine  (CyHgN),  This  base  is  homologous  with  aniline.  It  is 
found  in  three  states — (1)  as  a  solid  (paratoluidine),  melting  at  113°  F. 
(45°  C),  and  boiling  at  401°  F.  (205°  C);  (2),  as  a  liquid  {prthoto- 
luidine),  boiling  at  386-6°  F.  (197°  C.)  ;  specific  gravity,  0-998°;  and 
(3),  as  a  second  solid  {metatoluidine),  melting  at  134-6°  F.  (57°  C),  and 
boihng  at  464°  F.  (240°  C). 
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Aniline  Dyes. 

Aniline  Purple,  or  Mauve —This  dye  is  prepared  by  mixing  a 
Gold  solution  of  aniline  sulphate  with  a  cold  solution  of  acid  potassic 
dichromate.  The  mixture,  after  being  well  stirred,  is  left  for  twelve 
hours,  when  a  black  precipitate  is  formed.  This  precipitate  is  col- 
lected and  washed,  then  digested  with  light  coal  tar  oil  to  dissolve  out 
the  tarry  matter  which  has  been  formed.  The  residue,  after  being 
dried,  is  digested  with  alcohol,  which  dissolves  out  the  colouring  matter. 
The  alcohol  is  distilled  off,  and  the  aniline  purple  remains. 

Aniline  purple  is  a  salt,  generally  the  sulphate,  of  the  base  mauveine, 
C27H24N4  ;  it  is  insoluble  in  water,  in  ether,  and  in  benzene,  but  freely 
soluble  in  alcohol  and  in  acetic  acid. 

Aniline  Red,  or  Rosaniline :  Ma.geia.tsi.— Preparation.  By  the 

action  on  aniline  of  various  oxidizing  agents,  such  as  stannic  chloride, 
arsenic  acid,  mercuric  chloride,  etc.  One  of  the  best  commercial  pro- 
cesses is  its  oxidation  with  arsenic  acid.  Twelve  parts  of  the  dry  arsenic 
acid  of  commerce  is  mixed  with  ten  parts  of  aniline.  The  mixture  is 
heated  to  120°— 140°  C.  for  about  six  hours.  The  brown  mass  thus  pro- 
duced is  dissolved  in  boiling  water,  and  the  coloring  matter  precipitated 
free  from  arsenic  by  the  addition  of  soda.  The  precipitate  is  collected, 
washed  and  dissolved  in  acetic  acid. 

Aniline  red  is  a  salt  of  base  rosaniline,  CgoHigNg.  This  base  is  a 
triamine  capable  of  combining  with  one  or  three  atoms  of  an  acid  ;  also 
three  of  its  hydrogen  atoms  may  be  replaced  by  alcohol  radicals,  such 
as  methyl,  ethyl,  or  phenyl,  producing  other  dyes.  It  has  been  shown 
that  pure  aniline  is  incapable  of  furnishing  aniline  red,  and  that  the 
aniline  used  has  to  contain  toluidine. 

Rosaniline  is  nearly  insoluble  in  water,  but  is  soluble  in  alcohol. 
The  salts  (mono-acid)  exhibit  by  reflected  hght  the  lustrous  green  of 
the  wings  of  the  rose  beetle  ;  they  are  moderately  soluble  in  water,  and 
very  soluble  in  alcohol.  The  salts  chiefly  used  in  dyeing  silk  and 
wool  are  the  acetate  and  hydrochlorate . 

Triethyl-Rosaniline  :  Hofmann's  Violet,  0^0^119(^2^5)3^ 3-—P'-'P'^- 

ration.  By  heating  a  mixture  of  one  part  of  rosaniline,  two  parts  of 
iodide  of  ethyl,  and  two  parts  of  alcohol  to  100°  C.  for  three  or  four 
hours  in  a  closed  vessel.  The  resulting  mass  is  then  dissolved  m 
alcohol  and  treated  with  caustic  potash,  whereby  the  methyl  rosanihne 
is  precipitated,  and  potassic  iodide  remains  in  solution.  [From  the 
solution  the  iodine  is  recovered.]  The  precipitate  is  washed,  and  then 
dissolved  in  alcohol  containing  acetic  acid. 

Triphenyl  Rosaniline:  Aniline  Blue,  C,o3.i,(iC,lIs)s^,.—Prepara' 
tion.    By  heating  a  salt  of  rosaniline  with  excess  of  aniline— 
C2oHi9N3.HCl  +  3(C6H5,NH2)=C2oHis(CeH5)3N3,HCl+3NH3. 

Properfzes.— Hydrochlorate  of  triphenyl  rosaniline  is  a  crystalime 
powder,  perfectly  insoluble  in  water  and  in  ether,  but  soluble  m 
alcohol,  forming  a  deep  blue  solution. 
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Aniline  Brown. — Preparation.    By  heating  aniline  blue  with  four 
parts  of  aniline  hydrochlorate  to  240°  C.  for  several  hours. 
It  is  soluble  in  water  and  in  alcohol. 

Aniline  Green. — (a.)  Aldehyde  Green.  Preparation.  By  adding 
aldehyde  to  a  solution  of  magenta  and  sulphuric  acid,  and  then  treating 
the  product  with  sodium  thiosulphate. 

(/3.)  Iodine  Green. — By  the  action  of  methyl-  or  ethyl-iodide  on 
aniline  violets. 

Aniline  Yellow,  or  Chrysaniline,  CsoH^Ng.-This  is  obtained 

as  a  bye-product  in  the  manufacture  of  rosaniline.  It  is  a  yellow  amor- 
phous powder,  and  forms  two  series  of  salts,  mono-acid  and  di-acid. 
The  nitrate  is  insoluble  in  water.  Chrysaniline  and  its  salts  dye  silk  a 
golden  yellow  color. 

Aniline  Black. — This  color  is  produced  on  cdlico  by  printing  with 
a  mixture  of  aniline,  chlorate  of  potassium,  and  sulphide  of  copper. 
Aniline  black  thus  produced  has  a  very  rich  and  deep  color.  It  is 
very  fast,  quite  insoluble  in  water,  alkalies,  and  acids. 

Amides ;  Imides ;  Alkalamides ;  Nitriles. 

An  amide  is  a  compound  of  amidogen  (NHg)  and  an  acid  radical. 
We  may  regard  the  amides  either  as  : — 
(1.)  Derivatives  of  ammonia;  or  as 
(2.)  Derivatives  of  organic  acids. 

1.  As  derivatives  of  ammonia;  that  is,  an  amide  may  be  regarded  as 
an  ammonia  where  one  or  more  atoms  of  hydrogen  are  replaced  by 
an  acid  radical,  i.e.,  a  radical  containing  oxygen  (such  as  C2H3O,  the 
radical  of  acetic  acid). 

[N.B. — An  amine  is  regarded  as  an  ammonia  where  one  or  more 
atoms  of  hydrogen  are  replaced  by  an  alcohol  or  hydrocarbon  radical, 
i.e.,  a  radical  containing  no  oxygen  (as  CH3,  methyl,  etc.)]. 

Thus  the  amides  may  be  obtained  from  their  ammonium  salts  by  the 
abstraction  of  water,  and  may  be  converted  into  their  ammonium  salts 
by  the  assimilatiou  of  water. 

Thus  by  driving  ofi  water  by  heat  from  ammonium  acetate  or  am- 
monium oxalate  we  obtain  acetamide  and  oxamide  respectively. 
Thus : — 

NH,(C,H,0,)  _  H,0  =  NH,(C,H30) ;  (NH,),(C,0,)  -  (H,0),  =  (NH,),C,0,. 
Ammonium  — Water  =    Acetamide  ;     Ammonium    —  Water  =  Oxamide. 
acetate  oxalate 

and  conversely,  by  heating  acetamide  and  oxamide  with  water,  we 

reproduce  from  them  ammonium  acetate  and  ammonium  oxalate. 

2.  As  derivatives  of  acids ;  that  is,  an  amide  may  be  regarded  as  an 
acid  where  the  group  (HO)  is  replaced  by  amidogen  (NHj). 

By  acting  with  ammonia  on  a  chlor-acid,  as  acetylic  chloride 
(which  is  acetic  acid,  C2H30(H0),  where  CI  has  replaced  the  group 
(HO)),  we  obtain  acetamide.    Thus  :■ — 
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C2H3O.CI     +     1,35     =  C2H30(NH2)  +  HCl. 
Acetylic  chloride    +    Ammonia    =       Acetamide      +    Hydrochloric  acid. 

Thus  it  would  appear  that  we  may  formulate  the  amides  in  two 
ways.    For  example  :  acetamide  and  oxamide. 

(1.)  As  ammonia  derivatives,  they  may  be  stated  as  follows  : — 


H 
H 


=  NHoCCsHaO)  ; 


(NH2)2(C20o). 


((C2H3O)  l(C202)" 

Acetamide ;  Oxamide. 

(2.)  As  acid  derivatives  (of  acetic  acid,  CH3C0(H0),  and  of  oxalic 
acid,  C202(HO)j  respectively),  as  follows  : — 


C2H30(NH2),  or 
Acetamide  or 


C202(NH2)2. 
Oxamide. 


An  imide  is  an  ammonia  derivative  where  two  of  the  three  hydro- 
gen atoms  are  replaced  by  one  molecule  of  a  bivalent  acid  radical. 

An  imide,  therefore,  is  a  comjjound  of  imidogen  (NH)",  and  a  bivalent 
acid  radical.    Thus  : — 

{^K)\CJ1^02)"=  Succinimide. 

All  alka,laillide  ntiay  be  regarded  as  an  ammonia  derivative  where 
the  hydrogen  is  partly  replaced  by  an  alcohol  (positive)  radical,  and 
partly  by  an  acid  radical:  e.g. — 

Ethyl  acetamide  =  NH  (C2H5)  (C2H3O). 

There  are  no  primary  alkalamides,  inasmuch  as  two  atoms  of  hy- 
drogen in  every  case  must  be  substituted. 

We  append  tables  of  the  chief  amides  of  monatomic,  diatomic,  and 
triatomic  acids. 

I— Amides  of  Monatomic  Acids. 


Primary  monamides , 


Secondary  monamides 

Secondary  monamides 
or  secondary  alkala- 
tides   

T  ertiary  monamides,or 
tertiary  alkalamides 


Name. 


/  Acetamide 


Benzamide 


(  Diacetamide 
\  Succinimide 

Ethyl  acetamide 


Ethyl  diacetamide 


Fonnulse. 


NH,(CAO) 


NH,(C,H,0) 


NH(C,H3)0, 
NH(C,H,02)" 

NH(C,H,)(C,H30) 


N(C,H,)(C,H30), 


Acid  from 
which  derived 


Acetic  acid 
C,H30(0H) 

Benzoic  acid 
C,H,0(OH) 


Properties. 


A  white  solid:  mel' 
at  172-4°  F.  (78° C; 
and  boils  ai  429"8 
F.  (221°  C). 

A  crystalline  body 
melts    at    239°  r 
(116°  C),  and  TO 
tilizes  unchanged 
646-8°  F.  (286°  0^ 

These  containing^  " 
valent  acid  radi 
are  called  iniides. 
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II.— Amides  of  Diatomic  Acids. 

These  are  of  three  kinds — 

(a.)  An  acid  amide  or  amic  acid,  prepared  from  fin  acid  ammonium 
salt  by  the  abstraction  of  one  water  molecule,  e.g. : — 

(NHJC^HjO^  (acid  ammonic  succinate)— H20  =  (C4H^0j)"(NH5)(0H)(8uccinamic acid) . 

(/3.)  A  neutral  monamide  or  imide,  prepared  from  an  acid  ammonium 
salt  bj  the  abstraction  of  two  water  molecules  ;  e.g. : — 

(NHJC^HjO^  (acid  ammonic  succinate)  —  (HjO)^  =  (C4H^02)"(NH)"  (aucciDimide). 

(y.)  A  neutral  diamide  prepared  from  a  neutral  ammonium  salt,  by  the 
abstraction  of  two  water  molecules  ;  e.g. : — 

(NHJjC^H^O^  (neutral  ammonic  succinate)  =  (C4H^02)"(NB:j)2  (8uccinamide)+2H20. 


Name. 


Oxamic  acid 

Qimonia  salts  of  I 
oxalic  acid  G^O^  < 
^•^^^2  /  Oximide  (?) 

*  Oxamide  . . 


nmonia  salts  of  I 


succinic  acid  C 


Succinamic 
acid 


■* )  Succinimide 
Succinamide 

'Carbamic  acid 


imonia  salts  of 
iarbonic  acid  CO 
OH), 


Carbimide  . , 
^  Carbamide  . , 


Formal  86. 


(CA)"(NH2)(0H) 


(?) 

(C,0,)"(NH,), 


(C,H,02)"(iNH.)(0H) 
(C,H,0,)"(^<H)" 
(C,H,02)"(NH,), 

(C0)"(NH2)(0H) 


(CO)"(NH)" 
(C0)"(i\H,)2 


Properties. 


White  crystals  ;  forms  salts.  If  NH, 
be  replaced  by  ethyl  an  acid 
oxamic  ether  is  formed,  but  if  the 
(OH)  be  replaced  by  ethyl,  a  neu- 
tral ether  results. 

Formed  also  by  the  action  of  HON 
on  H2O2.  Decomposed  by  heat 
into  HON  and  urea  C202(NH,)2= 
CO  +  COa+NHa+CyH+CNjfi.O. 


Not  known  in  a  free  state,  but  as  an 
ammonia  salt,  which,  when  heated, 
forms  ammonic  carbonate  and 
urea.  It  forms  acid  and  neutral 
ethers. 

Corresponds  to  cyanic  acid. 
Corresponds  to  urea. 


Ill— Amides  of  the  Triatomic  Acids. 


nmonia  salts  of  (  Malamic  acid 
malic  acid  (C^Hj  {  Malimide  (?) 
02)"'(0H)3         ( Malamide 

nmonia  salts  of  /  Citramic  acid 
citric  acid  (CgHj  {  Citrimide 
0J"'(H0)3         I  Citramide 


(C,H30,)"'(NH,)(0H)2 
(C,H30,)"'(NH2)2(0H) 

(CeH,0,)'"(NH2)3 


Not  known  in  the  free  state. 
Metameric  with  asparagin. 


A  nitrile  is  an  ammonia  derivative,  where  the  three  hydrogen  atoms  are 
placed  by  a  trivalent  radical. 
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Thus  the  cyanides  of  univalent  alcohol  radicals  (alcohol  cyanides  or 
hydrocyanic  ethers)  may  also  he  regarded  as  nitriles  ;  for  example: — ' 

Hydrocyanic  acid  CHN  =  (CH)N  formonitrile. 

Methylic  cyanide  CH3.CN  =  (C2H3)"'N  acetonitrile. 

Ethylic  cyanide    C2Hg.CN  =  (C3H5y"N  propionitrile. 

Phenyl  cyanide    CgHg.CN  =  (C^HgyN  benzonitrile. 

The  term  "  nitrile  "  is  applied  to  all  bodies  similar  to  those  obtained 
by  the  abstraction  of  two  molecules  of  water  from  ammoniacal  salts, 
and  which  are  capable  of  being  reconverted  into  the  ammonia  salt. 
Thus,  if  ammonic  benzoate  be  distilled  with  anhydrous  phosphoric 
acid,  it  furnishes  benzonitrile, 

(NH4)C,H502      =     (C7H5)"'N     +  2H2O; 

Ammonic  benzoate       =       Benzonitrile       +       Water ; 
whilst  ammonic  benzoate  is  re-formed  on  boiling  benzonitrile  with 
dilute  acids  or  alkalies. 

By  the  action  of  fuming  sulphuric  acid,  the  nitriles  yield  sulpho- 
acids.    Thus  benzonitrile  yields  sulphobenzoic  acid — 

(CeH,(HS03)C02H). 
By  the  action  of  potassic  hydrate,  the  nitriles  yield  ammonia  and  a 
salt  of  the  corresponding  acid  containing  the  same  number  of  carbon 
atoms.    Thus  : — 

(C7H5)"'N    +    KHO   +    HoO   =     NH3      +  KC7H5O2. 
Benzo-nitrile    +    Potassic    +    "Water    =    Ammonia    +  Potassic 
hydrate  benzoate. 

This  last  reaction  is  important,  inasmuch  as  certain  cyanides  or 
nitriles  have  been  obtained,  which,  under  the  influence  of  hydrating 
agents,  yield,  instead  of  ammonia  and  the  corresponding  acid,  an 
amine  (or  alcoholic  ammonia)  and  formic  acid.  These  are  known  as 
isocyanicles  or  carbamines.  For  example  :  by  the  action  of  chloro- 
form on  aniline  we  obtain  phenyl  isocyanide,  a  body  isomeric  with 
benzonitrile.    Thus  : — 

CgHyN  +     CHCI3     =         3HC1         +  C7H5N. 
Aniline    +    Chloroform    =    Hydrochloric  acid    +    Phenyl  isocyanide. 

(a.)  But  phenyl  isocyanide,  when  boiled  with  a  dilute  acid,  yields 
formic  acid  and  aniline.    Thus  : — 

C7H5N         +    2H2O    =  (CeH,y"-N  +  CH2O2. 
Phenyl  isocyanide     -f-     Water     =       Aniline       +     Formic  acid. 

(/3.)  Whereas  benzonitrile  yields  benzoic  acid  and  ammonia.    Thus  : 

C7H5N       +    2H2O    =      NH3      +  C^HgOs. 
Bonzo-nitrile     +     Water     =     Ammonia     +     Benzoic  acid. 

The  isocyanides  are  unafiected  by  alkalies,  whilst  the  nitriles  are 
easily  decomposed. 


PHOSPHINES,  ETC. 
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Phosphines :  Arsines :  Stibines  :  Bismuthines. 

Phosphorus,  arsenic,  and  antimony,  like  nitrogen,  form  compounds 
with  three  atoms  of  hydrogen,  viz.,  PH3,  AsHg,  SbHa,  which  bodies 
also  form  compounds  analogous  to  the  amines  (termed  phosphines,, 
arsines,  etc.),  excepting  that  in  AsHg  and  in  SbHg,  the  replacement  of 
the  hydrogen  is  always  complete. 

Fi-operties. — They  are  mostly  liquids,  having  a  very  strong  odor. 
Many  of  them  are  spontaneously  inflammable.  They  have  great 
affinity  for  oxygeu  and  for  the  haloids,  forming  compounds  in  which 
the  metal  is  quin-quivalent.  Thus  we  have  stibethyl  oxide,  Sb''(C2H5)30; 
stibethyl  choride,  Sb'(C2H5)3Cl2,  etc.  The  tertiary  compounds  form, 
with  ethylic  or  methylic  iodide,  compounds  from  which  argentic  oxide 
separates  the  hydrates  ;  thus — 

P(CH3)4HO ;  P(C2Hg),(H0) ;  As(C2H5)4(HO)  ;  Sb(C5Hii)4(HO),  etc. 
Hydrate  of  Hydrate  of  Hydrate  of  Hydrate  of 

tetramethyl  tetrethyl  tetrethjl  tetramyl 

phospliine ;  phosphine ;  arsine ;  stibine. 

Some  of  these  compounds  are  stated  in  the  following  table : — 


Name. 

Formulae.  • 

Sp.  Gr. 

Boiling  point. 

0  ji 

°  C. 

Phosphines. 
Methyl  phosphine  . . 
Dimethyl  phosphine  . 
Trimethyl  phosphine . 

PH,(CH3) 
PH(CH3), 
I'(CH3)3 

6-8 
77-0 
105-8 

—14-0 
25-U 
41-0 

Ethyl  phosphine 
Diethyl  phosphine  , . 
Triethyl  phosphine  . . 

PH,(C,H3) 
PH(C,H3), 
P(CA)3 

77-0 
185-0 
261-0 

25-0 
85-0 
127-5 

Arsines. 
Trimethyl  arsine 

As(CH3)3 

248  0 

120-0 

Triethyl  arsine  . . 

As(C,H,), 

284-0 

140-0 

Stibines. 
Trimethyl  stibine 
Triethyl  stibine  ,, 

(Stibethyl) 

Sb(CH,)3 
Sb(CA)3 

316-4 

168-0 

Properties. 


A  colorless  oil,  very  vola- 
tile. 


Prepared  by  the  action  of 
phosphorous  chloride 
(PCI.,)  on  zinc  ethyl. 
A  colorless  oil,  oxidizes 
in  au-,  and  explodes  by 
heat. 

Prepared  by  the  action 
of  methylic  iodide  on 
an  alloy  of  arsenic 
and  sodium. 

Prepared  by  the  action  of 
ethylic  iodide  on  an 
alloy  of  arsenic  and 
sodium.  A  colorless 
liquid,  having  a  very 
disagreeable  odor. 

Prepared  by  the  action  of 
ethylic  iodide  on  an 
alloy  of  antimony  and 
potassium.  Odor  of 
onions  ;  combines 
powerfully  with  oxy- 
gen and  the  haloids. 
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JName. 

Formulee. 

Sp.G. 

Boiling  point. 

"  C. 

Stibines  (cont.) 
Triamyl  stibine  . . 

Sb(C,H„)3 

'Rifi'mtjfKi'iiP 
Triethyl  bismuthine  . . 

Bi(C,H,)3 

1-82 

Properties. 


Prepared  by  tbe  action  of 
ethylic  iodide  on  an 
alloy  of  bismutb  and 
potassium.  A  yellow, 
nauseous  liquid. 


Arsen-mono-methyl.— Kakodyl. 

It  will  be  convenient  to  examine  these  bodies  here,  which,  however 
it  must  be  specially  noted,  are  not  formed  on  the  ammonia  type. 

Arsen-mono-methyl ;  As(CH3).  This  radical  is  not  known  in  the 
free  state.  It  forms  compounds  by  combining  with  either  two  or  four 
atoms  of  a  univalent  element  or  compound  radical,  or  their  equivalent. 
Thus  it  forms  a  dichloride,  As"'(CH3)Cl2,  which  is  a  heavy,  very 
poisonous  liquid,  and  a  tetrachloride,  As''(CH3)Cl4,  a  stable  crystal- 
line solid  ;  an  oxide,  As"'(CH.,)0,  a  bibasic  acid,  called  arsen-methyllic 
acid,  A%\CYL^)0"{OB.)^,  a  sulphide,  As"'(CH3)S,  etc. 

Kakodyl  (Cacodyl)  ;  Arsen-dimethjl,  As"'2(CH3)4,  or  As(CH3)2. 
Boils  at  338°  F.  (170°  C).    Freezes  at  42-8°  F.  (6°  C). 

Preparation. — (a.)  By  distilling  together  potassic  acetate  and  arse- 
nious oxide,  a  spontaneously  inflammable  liquid  is  formed,  called 
alkarsin  {Cadet's  fuming  liquid)  : — 

4KC2H3O8  +    AS2O3  =  As2(CH3)40  +    2K2CO3    +  2CO2 
Potassic       +  Arsenious  =        Alkarsin        +     Potassic      +  Carbonic 
acetate  oxide  carbonate  anhydride. 

(/3.)  This  alkarsin  combines  with  acids  to  form  salts.  Thus,  by 
acting  upon  it  with  hydrochloric  acid  it  forms  a  chloride,  thus — 

AS2(CH3)40        +       2HC1       =      AS2(CH3)4Cl2       -t-  H2O. 
Alkarsin  +  Hydrochloric  =  Chloride  of  +  "Water. 

acid  alkarsin 

(y.)  By  distilling  this  chloride  of  alkarsin  with  zinc,  kakodyl 
[As£(CH3)4]  is  obtained,  together  with  zincic  chloride,  which  latter 
product  may  be  dissolved  out  with  water. 

Properties. — (a.)  Physical.  Kakodyl  is  a  colorless,  transparent,  oily 
liquid,  having  a  most  offensive  odor  {kolkoq  bad).  It  is  intensely 
poisonous.  It  boils  at  338°  F.  (170°  C).  At  a  heat  below  redness  it 
resolves  itself  into  arsenicum,  methane,  and  ethene  : — 


KAKOUYL. 


765 


AssCCHs)^       =       Asj       +       C2H4       +  2CH4. 
Kakodyl  =     Arsenicum    +    Ethene  (1  vol.)  +  Methane  (2  vols.) 

(j8.)  Chemical.  Kakodyl  catches  fire  spontaneously  when  poured 
into  oxygen,  air,  or  chlorine,  and  it  also  combines  directly  with 
sulphur.  If  the  air  in  contact  with  it  be  limited,  it  forms  kakodyl 
oxide,  As2(CH3)40,  and  in  the  presence  of  water,  hakodylic  acid.  The 
following  are  some  of  its  compounds  : — 


Name. 


Kakodyl  oxide 


Kakodyl  dioxide 


Kakodylic  acid  (al- 
kargen)       . .  . 


Kakodyl  chloride 
(Arsen  chloro- 
dimethide) 


Kakodyl  trichloride 
Kakodyl  iodide 
Kakodyl  cyanide  . , 


Kakodyl  sulphide  . 
Kakodyl  disulphide 


Formulae. 


A8,"'(CH^,0" 


As,(CH.),0, 
A8'(CH3)20"(H0) 


A8"'(CH3)jCl 


As^(CH3),C]3 

As(CH3),I 

As(CH3),Cy 


Apj(CH3)^S 
Ap.,(CH3),S, 


Preparation,  Properties,  &c. 


Preparation.  —  By  the  slow  oxidation  of 
kakodyl. 

Properties. — A  colorless,  pungent,  oily  liquid. 
Boils  at  120°  C.  It  explodes  when  heated 
to  190-4°  F.  (88°  C),  but  does  not  fire  in 
the  air.  It  is  insoluble  in  water,  but  is 
soluble  in  HCl.HBr  and  HI. 

Decomposed  by  water  into  kakodyl  oxide  and 
kakodylic  acid,  2(As„CH,0„)+H,0=A8» 
(CH,),0+2As(CH3),0(H0). 

Preparation, — By  the  slow  oxidation  of  kako- 
dyl in  the  presence  of  moisture. 

Properties. — Deliquescent  crystals,  soluble  in 
water  and  in  alcohol :  reaction  acid.  It  is 
very  stable,  and  is  not  even  aflfected  by 
boiling  nitro-hydrochloric  acid.  It  is  de- 
composed by  dry  HI.  It  combines  with 
HCl.  It  is  decomposed  by  PCI5,  forming 
a  trichloride.    It  is  not  poisonous. 

Preparation. — By  distilling  alkarsin  with  HCl. 

Properties. — A  colorless  liquid,  volatile  at 
ordinary  temperatures.  Soluble  in  alcohol ; 
insoluble  in  water  or  in  ether.  The  vapor 
inflammable,  and  has  a  specific  gravity  of 
4-56°. 

Preparation.— Bj  the  action  of  PClj  on  ka- 
kodylic acid. 

Preparation. — By  distilling  alkarsin  with  a 
strong  solution  of  HI. 

Preparation. — By  distilling  alkarsin  with 
HCy,  or  by  the  action  of  oxide  of  kakodyl 
on  cyanide  of  mercury. 
'Properties. — Crystalline.  .  Melts  at  91-4°  F. 
(33°  C),  and  boils  at  .284°  F.  (140°  C). 
The  vapor  is  very  poisonous. 

A  liquid,  boiling  at  about  248°  F.  (120°  C). 

Preparation.- — By  the  action  of  H^S  on  kako- 
dylic acid. 

Properties. — It  yields  salts  of  sulpho-kakody- 
lic  acid.  As''(CH3)3S2H. 


ORGANO-BORON,  -SILICON,  AND  -METALLIC  COM- 
POUNDS. 

Boron,  silicon,  and  certain  metals,  also  combine  with  alcohol  radicals, 
forming  compounds  built  up  on  the  ammonia  type. 
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Organo-Boron  Compounds. 

These  are  compounds  of  boron  with  hydrocarbon  radicals  (as 
methyl ;  CHj),  the  boron  being  directly  combined  with  the  carbon: — 


Name. 


Boric  methide      . . 


Formulae. 


Boric  ethide 
(Triborethyl) 


B(CH3)3 


Preparations,  Properties,  etc. 


Preparation. — By  adding  an  ethereal  solution 
of  zinc  methide  to  boracic  ether  2[B(C2H,)3 
03]  +  3rZn(CH3),]  =  2[B(CH3)3]  +  3[Zn(b, 

Froperties. — A  heavy,  pungent  gas;  specific 
gravity  1-93  ;  condenses  at  50°  F.  (10°  C), 
under  a  pressure  of  four  atmospheres ;  in- 
flames spontaneously  in  air ;  combines  -with 
ammonia  to  form  ammonia  boric  methide 
(NH3,B(CH^3).  .      ,    ,  . 

Freparation. — By  adding  an  ethereal  solution 
of  zinc  ethide  to  boracic  ether. 

Properties.  —  A  colorless  liquid  ;  specific 
gravity,  0-696  ;  boils  at  203°  F.  (95°  C.) ; 
inflames  spontaneously  in  air,  burning 
with  a  green  flame.  It  combines  with 
ammonia  to  form  ammonia  boric  ethide, 
NH3,  B(C,HJ3. 


Organo-Silicon  Compounds. 

Compounds  of  silicon  with  hydrocarbon  radicals,  the  silicon  being" 


directly  combined  with  the  carbon  : 

Boiling  point. 

°  C. 

Silicic  methide 

Silicic  ethide 

Derivatives, 
.  Silicic  metbylate  . . 
Silicic  ethylate 

Si(CH3), 
Si(C,H,), 

Si(CH3),0, 
Si(C,H,),0, 

86-9 
306-6 

249-8 
331-7 

30-5 
152-5 

121-0 
166-6 

Preparation. — By  the  action  of 
zinc  methide  on  silicic  chloride. 

Freparation. — By  the  action  of 
zinc  ethide  on  silicic  chloride. 

Organo-Metallic  Bodies. 

These  are  compounds  of  a  metal  and  an  alcohol  radical,  the  metal 
being  directly  combined  with  the  carbon  of  the  radical.  Thus  zinc 
ethyl,  Zn(C2H5)2j  is  an  organo-metallic  body,  and  may  be  represented 
thus — 

H  H         H  H 

II  II 

H— C— C— Zn— C— C— H 

II  II 
H   H         H  H 
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whilst  zinc  ethylate,  Zn(C2Hg)202,  is  not  an  organo-metallic  body  (the 
metal  not  being  directly  connected  with  the  carbon  of  the  radical),  but 
is  simply  an  organic  body  containing  zinc,  and  may  be  represented 
thus — 

H  H  H  H 

II  II 
H— C— C— 0— Zn— 0— C— C— H 

II  II 
H  H  H  H 

Preparation. — (1.)  By  the  action  of  a  metal  on  an  iodide  of  the 
monad  positive  radical  under  the  influence  of  heat,  or  sometimes 
of  light — 

2(C2H5)I      +      Zn^      =      ZnCCsHs)^      +  Znl^. 
Ethylic  iodide     +       Zinc       =         Zinc  ethyl       +   Zinc  iodide. 

(2.)  By  the  action  of  alloys  of  the  metals  with  K  or  Na,  on  an 
iodide  of  the  monad  positive  radicals — 

2(CoHg)I     +     HgNas     =     Hg'.'CCsHs)^      +  2NaI. 

Ethylic  iodide    +    Sodium  and    =     Mercuric  ethide      +    Sbdic  iodide, 
mercury  alloy 

(3.)  By  the  action  of  haloid  salts  of  the  metals  (as  Sn'^Cl4),  on  the 
zinc  organo-metallic  compounds  : — 

SnCU     +     2[Zn(C2H5)2]     =     SnCC^Hg),     +  2ZnCl. 
Stannic  chloride  +  Zinc  ethyl  =     Stannic  ethyl     +  Zinc  chloride. 

(4.)  By  the  displacement  of  one  metal  in  an  organo-metallic  com- 
pound, by  a  second  and  more  positive  metal: — 

Hg(C5Hi,)2       +      Zn      =       Zn(C5H,i)2       +  Hg. 
Mercuric  amylide     +       Zinc      =       Zincic  amylide       -(-  Mercury. 

Some  of  these  organo-metallic  compounds  are  represented  in  the 
following  table : — 


Name. 

Formulae. 

Sodium  ethide 

Zinc  ethide         .  ^       . .       , , 
„  methide 
amylide 
Mercuric  methide . . 

„      ethide   . , 
Stannous  ethide  . . 
Stannic  ethide 
Plumbic  ethide 
Aluminic  methide 

Na(C,H,) 
ZnlCjHJj 
Zn(CH3)j 
Zn^C,H„), 

Hg(cX), 
Sn(C,H,), 
Sn(C,H,), 
Pb(C,H,), 
Al,(CH3)g 

Corresponding  to  NaCl 
ZnCl, 
ZnCl  J 
„  ZnCL 
HgCl, 
HgCl, 
Sn"CL 
Sn'vCl, 
PbOj 
A1,C1, 
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THE  NATURAL  ALKALOIDS. 

Natural  History. — The  natural  alkaloids  are  found  in  all  parts  of 
vegetables,  and  constitute  the  active  ingredients  of  plants.  They 
exist  in  combination  with  organic  acids,  which  are  often  as  peculiar 
to  the  plant  as  the  alkaloid,  e.^f.,  morphia,  etc.,  with  meconic  acid; 
quinine,  etc.,  with  kinic  acid ;  strychnia  with  igasuric  acid  ;  atropine 
with  malic  acid,  etc. 

A  few  alkaloids  are  found  in  the  animal  kingdom,  e.g.,  urea, 
kreatine,  etc. 

Prej)aration. — The  fixed  alkaloids  are  extracted  from  the  plant,  either 
by  water,  or  by  dilute  sulphuric  or  hydrochloric  acid.  From  this 
solution  the  alkaloid  is  precipitated  by  an  alkali,  or  by  an  alkaline 
earth  such  as  magnesia.  The  precipitate  is  then  again  dissolved  in 
a  dilute  acid,  decolorized  with  animal  charcoal  (which  must  be  used 
very  sparingly,  owing  to  the  great  power  it  possesses  of  absorbing 
the  alkaloids  and  their  salts),  and  reprecipitated  from  the  acid  solu- 
tion with  an  alkali.  The  precipitated  alkaloid  is  then  dissolved  in 
boiling  alcohol,  the  solution  filtered,  and  the  alkaloid  crystallized 
from  the  solution. 

The  volatile  alkaloids  are  prepared  by  distilling  the  plant  in  the 
presence  of  a  very  weak  alkali.  The  distillate  is  always  more  or  less 
ammoniacal  from  the  decomposition  of  a  portion  of  the  alkaloid.  After 
neutralization  with  oxalic  or  sulphuric  acid,  the  distillate  is  evaporated 
to  dryness.  The  residue  is  now  treated  with  alcohol,  and  the  upper 
layer  of  the  mixture  drawn  off,  filtered  to  separate  extraneous 
matters,  and  again  evaporated.  This  is  treated  with  a  mixture  of 
ether  and  potassic  hydrate,  the  latter  for  the  purpose  of  combining 
with  the  acid,  and  the  former  to  dissolve  the  alkaloid  set  free,  The 
ethereal  layer  is  then  decanted  and  evaporated. 

Properties. — (a.)  Sensible  and  Physical.  All  the  alkaloids  are  solid, 
except  the  three  which  contain  no  oxygen,  viz.,  nicotine,  conine,  and 
sparteine.  They  all  crystallize  easily  from  alcoholic  solutions,  except 
quinine,  which  crystallizes  with  difficulty,  and  quinoidine,  which  is  not 
crystalline.  None  of  them,  except  the  three  liquid  alkaloids  men- 
tioned, have  any  odor.  Their  taste  is  generally  more  or  less  bitter. 
Their  physiological  actions  are  very  energetic.  In  treating  cases  of 
poisoning  occurring  from  their  exhibition,  we  may  say,  generally,  that 
the  stomach-pump  and  emetics  are  indicated,  as  well  as  astringent 
liquids,  such  as  strong  tea,  etc.  Tannic  acid  precipitates  most  alkaloids 
from  their  aqueous  solution. 

Action  of  Heat. — Conine,  nicotine,  sparteine,  theine,  and  caffeine 
sublime  by  heat  unchanged  :  piperine,  when  heated,  yields  piperdine. 
All  the  alkaloids  are  decomposed  (ammoniacal  compounds  being 
formed),  if  the  heat  applied  be  sufficient. 
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Action  of  Light. — The  alkaloids  generally  have  a  powerful  influence 
on  a  polarized  beam,  some  rotating  the  beam  to  the  right  and  others  to 
the  left. 

Quinine  solutions  are  remarkable  for  their  fluorescence. 

Action  of  Electricity. — The  salts  of  the  alkaloids  (like  other  salts) 
liberate  the  base  at  the  platinode  of  the  battery. 

Action  of  Solvents. — Water.  The  alkaloids  generally  are  but  slightly 
soluble  in  water,  nicotine  being  one  of  the  most  soluble.  Alcohol 
dissolves  them  all,  but  in  varying  proportions  ;  thus  cinchonine  may 
be  separated  from  quinine  by  the  insolubility  of  the  former  in  cold 
alcohol.  Mher  dissolves  all  the  alkaloids  except  morphine,  cinchonine, 
strychnine,  and  brucine.  Chloroform  dissolves  strychnine  and  most 
of  those  soluble  in  ether. 

Chemical.  The  solutions  of  the  alkaloids  generally  have  an 
alkaline  reaction.  They  act  as  bases,  forming  salts  with  acids. 
Kreatine  is  a  neutral  alkaloid,  and  not  basic. 

Action  of  Acids. — (1.)  Sulphuric  acid,  when  concentrated,  slowly  de- 
composes them,  strychnine  excepted ;  when  dilute,  it  dissolves  them  and 
forms  salts.  With  papaverine,  it  strikes  a  deep  blue,  thus  distinguish- 
ing it  from  the  other  opium  alkaloids.  (2.)  Nitric  acid  sometimes 
forms  nitrates  with  the  alkaloids,  and  sometimes  colored  compounds, 
as  in  the  case  of  morphine,  etc.  (3.)  Hydrochloric  acid,  forms  with 
many  of  them  additive  compounds.  With  morphine,  when  heated  in 
sealed  tubes,  it  forms  apomorphine.  Apocodeine  is  formed  by  the 
action  of  the  acid  and  zinc  chloride  on  codeine.  (4.)  Organic  acids 
combine  with  many  of  them,  forming  generally  soluble  salts.  For 
example  : — (a.)  Tannic  acid  precipitates  the  salts  of  morphine,  nar- 
cotine,  codeine,  cinchonine,  quinine,  strychnine,  brucine,  emetine,  aconi- 
tine,  atropine,  delphinine,  and  veratrine.  (/3.)  Carbazotic  acid  pre- 
cipitates most  of  the  alkaloids. 

Action  of  Alkalies.— A.\]s.sliQs,  decompose  most  of  the  alkaloids,  when 
heated  with  them,  with  the  evolution  of  ammonia. 

Action  of  Haloids. — (1.)  Chlorine  usually  decomposes  alkaloids, 
forming  hydrochloric  acid,  which  combines  with  the  base  itself  or 
with  some  substitution-compound  produced  by  its  action.  Chlorine 
forms,  (a.)  with  strychnine,  a  white  precipitate;  (/3.)  with  brucine, 
cinchonine,  and  morphine,  yellow  precipitates,  which  change  to  red,  and 
again  to  yellow;  (y.)  with  narcotine,  a  pale  red  precipitate,  which 
becomes  dark  red,  and  then  brown ;  (2.)  with  quinine  (on  the  addition 
of  ammonia),  an  emerald  green  solution. 

(2.)  Bromine  acts  in  most  respects  similarly  to  chlorine. 

(3.)  Iodine  combines  with  most  of  the  alkaloids  to  produce  an  in- 
soluble yellow  or  brown  compound  of  iodine  and  the  alkaloid.  This 
was  first  noticed  by  Pelletier  in  the  case  of  strychnine,  and  was 
further  investigated  by  Bouchardat.  Herapath  has  pointed  out  that 
the  crystalline  compound  of  iodo-sulphate  of  quinine  (Herapathite) 
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C2oH24N202T2H2S04(H20)5  exeits  a  powerful  polarizing  action  on 
transmitted  light. 

Action  of  Metallic  Salts. 

(1.)  Platinic  chloride,  forms  crystalline  compounds  with  the  chlo- 
rides of  the  alkaloids. 

(2.)  Mercuric  chloride,  forms  double  salts  with  the  chlorides. 

(3.)  Auric  chloride,  in  some  cases,  produces  a  characteristic  colored 
precipitate.  Thus,  with  morphine,  it  produces  a  green ;  with  strych- 
nine, a  yellow,  etc. 

(4.)  Ferric  chloride,  forms  a  green  compound  with  morphia. 

Action  of  Nascent  Oxygen. — Nascent  oxygen  decomposes  many  of  the 
alkaloids,  new  compounds  being  formed.  With  strychnine,  morphine 
etc.,  it  gives  a  characteristic  series  of  tints.    (^See  page  11.) 

The  vegetable  alkaloids  are  extensively  used  in  medicine.  As  an 
antiperiodic,  quinine  is  esteemed  of  great  value.  The  ordinary  sul- 
phate of  quinine  is  a  basic  sulphate,  and  has  the  formula  (C2oH24,]N'202)2, 
H2S04,,8H20.  It  is  very  slightly  soluble  in  water.  On  adding  a  few 
drops  of  sulphuric  acid  to  the  basic  sulphate  suspended  in  water,  a 
neutral  sulphate  is  formed  (C2oH24N202,H2S04,7H20),  which  is  freely 
soluble.  The  tincture  of  quinine  (B.P.)  is  an  alcoholic  solution  of 
the  basic  sulphate.  The  tinctura  quinae  ammoniata  (B.P.)  is  an  alco- 
holic solution  of  quinine  precipitated  by  ammonia  from  a  solution  of  a 
salt.  The  vinum  quinis  is  a  mixed  solution  of  the  neutral  sulphate,  < 
and  citrate. 

(A.)  ALKALOIDS  OF  VEGETABLE  ORIGIN. 

Among  the  vegetable  alkaloids,  those  which  do  not  contain  oxygen 
are  liquid  and  volatile  at  ordinary  temperatures,  while  those  containing 
oxygen  are  solid,  and  for  the  most  part  non-volatile. 


(1.)  Non-oxygenated  Alkaloids. 


Name. 

Formulae. 

Source. 

Nicotine 

C,oH„N, 

Tobacco. 

Conine 

CsH^^N 

Hemlock. 

Sparteine 

•  •  »• 

Broom. 

Nicotine,  CioHi^Ng. — This  is  the  volatile  alkaloid  of  the  tobacco 
leaf.  The  leaf  contains  from  2  to  8  per  cent,  of  nicotine  combined 
principally  with  malic  acid.  Havanah  tobacco  contains  only  about 
2  per  cent.,  whilst  Virginia  contains  about  7  per  cent,  of  nicotine. 

Preparation. — The  powdered  tobacco  leaf  is  mixed  with  slaked 
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lime,  and  put  into  a  large  flask  on  a  water-bath.  A  current  of  steam 
is  passed  through  the  mixture,  the  flask  being  connected  with  a  con- 
densing apparatus.  The  liquid  that  distils  over  consists  of  water, 
nicotine,  ammonia  and  other  organic  bases.  This  liquid  is  neutralized 
with  sulphuric  acid  and  concentrated.  On  the  addition  of  ammonia  to 
the  concentrated  solution,  nicotine  is  liberated  and  can  be  separated 
by  solution  in  ether.  The  ethereal  solution  on  evaporation  leaves 
nicotine,  which  may  be  purified  by  rectification. 

Properties. — Nicotine,  when  pure,  is  a  colorless  oily  liquid,  boiling  at 
464° F.  (240°  C).  Its  specific  gravity  at  60°  F.  is  1-027.  It  is  soluble 
in  water,  the  solution,  even  when  dilute,  having  a  burning  taste.  It 
is  a  powerful  narcotic  poison. 

Conine,  CeHigN. — Conine  is  the  poisonous  principle  of  the  hemlock 
(Conium  maculatum).  It  occurs  in  all  parts  of  the  plant,  but  is  most 
abundant  in  the  fruit. 

Preparation. — It  may  be  prepared  from  the  seeds  by  distilling  them 
with  slaked  lime,  in  a  similar  manner  to  that  employed  in  the  pre- 
paration of  nicotine. 

An  artificial  conine  has  been  prepared  by  the  distillation  of  dibuiyr- 
aldine,  a  body  formed  by  digesting  normal  butylic  aldehyde  with  an 
alcoholic  solution  of  ammonia. 

Conine  has  been  prepared  synthetically  by  the  reduction  of  allyl- 
pyridine  (C5H4N.C3H5),  a  body  formed  by  heating  a  mixture  of  paral- 
dehyde and  a-picoline  at  about  482°F.  (250°  C).  When  this  body  is 
acted  on  with  sodium  it  is  reduced  to  a-propylpiperidine,  which  re- 
sembles conine  in  chemical  composition,  specific  gravity,  solubility  and 
physiological  action,  but  is  optically  inactive  whilst  conine  is  dextro- 
rotary.  This  a-propylpiperidine  has,  however,  been  split  up  into  two 
isomeric  bodies,  one  of  which  is  dextro-rotary  and  corresponds  with 
conine,  whilst  the  other  is  laevo-rotary. 

Properties.— Comne  is  a  colorless  liquid,  boiling  at  413°  F.  (212°  C). 
Specific  gravity,  0-89.  It  has  a  penetrating  and  peculiar  odor,  and  a 
taste  like  that  of  nicotine.  It  is  an  active  poison.  It  is  only  slightly 
soluble  in  water,  but  easily  soluble  in  alcohol  and  in  ether.  It  yields 
butyric  acid  on  oxidation. 

Sparteine,  CigHggNj. — This  alkaloid  was  discovered  by  Dr.  Sten- 
house  in  the  common  broom  (spartium  scoparium). 

Properties. — Sparteine  is  a  colorless  liquid,  heavier  than  water.  It 
boils  at  591-8°  F.  (311°  C).  It  is  slightly  soluble  in  water,  but  freely 
soluble  in  alcohol  and  ether.  It  is  a  narcotic  poison,  but  not  so  active 
as  nicotine.  On  oxidation  with  permanganate  of  potass,  sparteine 
yields  oxalic  acid  and  acetamide. 
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(2.)  Oxygenated  Alkaloids. 

(a.)  Alkaloids  of  the  Cinchona  bark  (and  lAants  belonging  to  N.O. 
cinchonacece). 


Name. 

Formulae. 

Name. 

Formulae. 

Cinchonine 
Cinchonidine . . 
Cinclioiiicine  . . 
Aricine  {Cusso  bark). . 
Emetine  {Ipecacuanha) 

)  Isomeric  with 
j  above. 

C30H44N2O8 

Quinine 
Quinidine  . . 
Quinicine  . . 
Quinoidine . . 
Homo-quinine 

1  Isomeric  ■with 
)  Quinine. 

Cinchona  bark  contains,  besides  the  above  alkaloids,  quinic,  quinovic 
and  quinotannic  acids,  coloring  matters,  and  a  green  fatty  matter. 
The  value  of  the  bark  to  the  manufacturer  depends  on  its  percentage 
of  quinine.  This  varies  in  the  different  barks,  in  grey  barks  from 
0-3  per  cent.,  in  red  barks  from  0*9  per  cent.,  and  in  yellow  barks  from 
2  per  cent. 

Extraction  of  the  Alkaloids  from  the  Bark. 

The  powdered  bark  is  boiled  with  ten  times  its  weight  of  water 
acidulated  with  10  per  cent,  of  sulphuric  acid.  The  decoction  is 
filtered,  and  a  slight  excess  of  milk  of  lime  added.  The  precipitate 
is  collected,  dried,  and  heated  over  a  water  bath  with  strong  alcohol. 
The  cinchonine  is  deposited  from  the  solution  on  cooling,  whilst  the 
quinine  remains  in  the  mother-liquor. 

Cinchonine,  C20H24N2O. 

Properties. — Forms  colorless,  anhydrous  crystals,  fusing  at  329°  F. 
(165°  C).  It  is  insoluble  in  cold  water,  and  much  less  soluble  than 
quinine  in  alcohol  (1  in  35).  It  is  insoluble  in  ether,  and  only  slightly 
soluble  in  chloroform.  The  alcoholic  solution  of  cinchonine  turns 
the  plane  of  polarization  to  the  right. 

Quinine,  C20H24N2O2. — The  extraction  of  quinine  from  the  bark 
by  means  of  lime  and  alcohol  has  already  been  described,  also  its 
separation  from  cinchonine.  The  quinine  can  be  extracted  from  the 
lime  precipitate  by  means  of  hot  petroleum,  which  dissolves  all  the 
quinine  and  but  very  little  of  the  cinchonine.  On  shaking  the  petro- 
leum extract  with  dilute  acid,  the  petroleum  gives  up  the  quinine  to 
the  acid  solution. 

Properties. — Quinine  is  a  white  powder,  fusing  at  248°  F.  (120°  C). 
It  is  without  odor  and  has  a  very  bitter  taste.  It  is  used  in  medicine 
for  its  tonic  and  antifebrile  properties.  Its  alcoholic  solution  turns 
the  plane  of  polarization  to  the  left.  It  is  less  soluble  in  water  than 
cinchonine  (1  in  360  of  cold  water).  It  is  readily  soluble  in  alcohol, 
in  ether,  and  in  chloroform.    The  chief  salts  used  in  medicine  are  the 
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neutral  sulphate  [2(2C2oH24lSr202.H2S04).15H20],  the  acid  sulphate 
(CJ0H21N2O2.H2SO4.I5H2O),  and  the  citrate  (2b2oH24N202.C6H807). 

If  an  alcoholic  solution  of  iodine  be  added  to  a  solution  of  acid 
sulphate  of  quinine  in  acetic  acid,  a  sulphate  of  iodoquinine  (2C20H24 
N2O2.3H3SO4.l6)  is  formed.  This  salt  crystallizes  in  flat  plates  of  an 
emerald-green  color,  possessing  all  the  optical  properties  of  tour- 
maline. 

Quinidine. — ^1*  is  prepared  from  commercial  quinoidine,  which 
yields  about  50  to  60  per  cent,  of  quinidine.  It  is  soluble  in  ether 
and  in  alcohol,  and  but  very  slightly  soluble  in  water  (1  in  1500). 
Its  solution  in  alcohol  turns  the  plane  of  polarization  to  the  right. 

Quinoidine. — This  is  a  brown  resinous  mass,  obtained  as  a  bye 
product  in  the  extraction  of  quinine  and  cinchonine  from  the  bark. 
It  is  insoluble  in  water,  btit  soluble  in  alcohol  and  in  ether. 

Aricine,  C23H26N2O4. — Aricine  is  an  alkaloid  specially  found  in 
cusso  or  arica  bark.  It  forms  white  prismatic  crystals,  very  sparingly 
soluble  in  water.  It  dissolves  in  strong  nitric  acid  with  decomposition, 
forming  a  deep  green  solution. 

(5.)  The  Opium  AlTcaloids. 

Opium. — Opium  is  the  dried  juice  obtained  from  the  unripe  capsules 
of  the  white  poppy  (^Papaver  somniferum).  It  is  a  brown  substance 
having  a  bitter  acrid  taste  and  peculiar  odor.  It  contains  several 
alkaloids,  combined  chiefly  with  meconic  acid  : — 


Name. 

Formulae. 

Morphine    . . 
Narcotine   . . 
Codeine 
Thebaine 
Narceine 
Papaverine  . . 

C,sH„N03 

CjjH^NOg 

C,„H,.NO, 

Morphine,  CiyHigNOg. — This  is  the  most  important  alkaloid  of  the 
opium  bases. 

Preparation. — Opium  is  exhausted  with  water  at  100-4:°  F.  (38°  C), 
the  solution  decanted  and  evaporated  with  calcium  carbonate,  which 
neutralises  the  free  acid.  When  the  liquid  is  sufficiently  concentrated, 
chloride  of  calcium  is  added,  whereby  meconate  of  lime  is  precipitated, 
together  with  a  considerable  quantity  of  coloring  matter.  The  opium 
bases  remain  in  solution  as  hydrochlorates,  and  on  further  evaporation 
of  the  solution  crystallise  out.  The  hydrochlorates  are  dissolved  in 
water  and  excess  of  ammonia  added,  which  precipitates  the  morphine, 
the  codeine  remaining  in  solution. 

Properties. — Morphine  is  very  slightly  soluble  in  cold  water  or  in 
cold  alcohol.    It  is  insoluble  in  ether.    It  has  no  odor,  a  slightly  alka- 
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line  reaction,  and  a  bitter  taste.  The  hydro  chlorate  and  acetate  are 
used  in  medicine  as  sedatives. 

Codeine. — Cig^siNOg. — This  alkaloid  is  obtained  from  the  mother- 
liquor  after  the  morphine  has  been  removed  by  ammonia. 

Properties. — Codeine  is  more  soluble  in  water  than  morphine  (100 
parts  water  dissolves  1'26  parts  codeine).  It  dissolves  freely  in 
alcohol  and  in  ether,  and  is  also  soluble  in  ammonia.  Its  physiological 
action  resembles  that  of  morphine. 

(c.)  The  Strychnia  Alkaloids. 
Strychnine,  together  with  brucine  exists  in  nux-vomica,  S.  Igna- 
tius Bean,  in  the  wood  of  Strychnos  Golubrina  and  other  varieties  of 
Strychnos. 

Preparation, — From  nux-vomica.  The  softened  and  pulverised  nux- 
vomica  is  digested  with  alcohol  (Sp.  Gr.  0'8o6)  acidulated  with  sul- 
phuric acid.  Lime  is  added  to  the  solution  thus  obtained  to  remove 
the  acid  and  precipitate  some  of  the  coloring  matter.  The  liquid  is 
decanted  and  distilled,  the  residue  being  saturated  with  dilute  sul- 
phuric acid,  filtered,  and  the  filtrate  concentrated.  Ammonia  is  then 
added  to  the  concentrated  solution,  and  the  precipitate  produced  col- 
lected and  dried.  The  dried  precipitate  is  then  digested  with  weak 
alcohol  (Sp.  Gr.  0-942)  to  dissolve  out  the  brucine.  The  residue  is 
then  dissolved  in  strong  hot  alcohol  and  crystallised. 

Properties. — Crystallises  in  white  prisms,  which  may  be  fused  with- 
out decomposition.  It  has  no  odor,  an  intensely  bitter  taste,  and  is 
very  poisonous.  Strychnine  is  slightly  soluble  in  water  (1  part  in 
6,600),  and  very  soluble  in  alcohol  and  in  chloroform.  It  is  also 
soluble  in  strong  sulphuric  acid  without  decomposition. 

The  chief  salts  of  strychnia  are  the  hydrochloride  (CsiHgaNgOj. 
HCl),  and  the  sulphate  (2C21H22N2O2.H2SO4). 

Brucine,  C23H26N2O4.— The  preparation  of  this  alkaloid  from 
nux-vomica  has  already  been  described.  It  also  occurs,  however, 
unaccompanied  by  strychnine,  in  false  angostura  bark.  Brucine  is 
poisonous,  the  symptoms  produced  being  similar  to  those  of  strychnine 
but  much  less  energetic.  It  dissolves  in  nitric  acid  with  decomposi- 
tion, forming  a  red  solution.  It  turns  the  plane  of  polarization  to  the 
left. 

{d.)  Alkaloids  from  various  Sources. 

Aconitine,  C30H47NO7.— The  alkaloid  of  the  Aconites.  It  is 
sparingly  soluble  in  water  (1  in  150  at  15°  C),  but  soluble  in  alcohol 
and  in  ether.    It  is  intensely  poisonous. 

Caffeine  or  Theine,  CjeHioN^O^.— This  alkaloid  occurs  in  the 
berries  and  leaves  of  the  cofEee  plant,  and  in  the  leaves  and  twigs  of 
the  tea  plant. 

Preparation. — Ground  coffee  or  tea  is  mixed  with  slaked  lime  and 
the  mixture  exhausted  with  alcohol.    The  clear  alcoholic  solution  18 
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then  distilled  and  the  residue  dissolved  in  boiling  water.  The  caffeine 
or  theine  crystallises  out  on  cooling. 

These  alkaloids  may  also  be  prepared  by  sublimation.  For  this 
purpose  the  tea  is  placed  in  a  sublimation  apparatus  and  heated,  care 
being  taken  that  the  heat  employed  is  not  sufficient  to  decompose  the 
alkaloid.  The  alkaloid  sublimes  and  may  be  purified  by  crystallization 
from  water. 

Properties. — Caffeine  crystallizes  from  water  in  white,  silky  needles. 
Melts  at  352-4°  F.  (178°  C.)  and  sublimes  at  365° F.  (185°  C).  It  is 
only  slightly  soluble  in  cold  water  or  in  alcohol,  but  it  dissolves  freely 
in  hot  water. 

Theobromine,  C^HgN^Oo. — An  alkaloid  existing  in  the  cacao-bean, 
from  which  it  may  be  extracted  by  boiling  water,  and  purified  by  sub- 
limation. It  forms  white  silky  crystals,  which  sublime  about  354°  F, 
(290°  C.)  without  change.  It  has  a  bitter  taste,  and  is  very  slightly 
soluble  in  alcohol  and  in  ether. 

Cocaine,  CaoH^gNOg. — Cocaine  is  prepared  from  the  leaves  of  coca 
(erythroxylon  coca)  by  solution  in  alcohol,  acidulated  with,  sulphuric 
acid.  The  alkaloid  may  be  precipitated  from  this  solution  with 
Ume,  etc. 

Properties. — Cocaine  crystallizes  in  small  colorless  prisms.  It  has  a 
bitter  taste,  and  produces  insensibility  on  the  part  of  the  tongue  to 
which  it  is  applied.  It  is  soluble  in  705  parts  of  cold  water,  but  is 
more  soluble  in  alcohol  and  ether.  The  hydrochlorate  of  cocaine  is 
easily  soluble  in  water,  and  this  aqueous  solution  is  used  in  medicine 
as  a  local  ansesthetic. 

Veratrine,  CgaHgjNgOg- — This  alkaloid  occurs  in  sabadilla  seeds, 
in  white  hellebore  (veratrim  alburn)  and  in  other  species  of  veratrum. 

Properties. — It  is  insoluble  in  water,  but  very  soluble  in  alcohol  and 
in  ether.  It  has  no  odor,  but  if  small  quantities  get  into  the  nose, 
it  occasions  violent  sneezing.  It  is  very  poisonous  in  small  doses,  it 
possesses  an  antifebrile  action. 

Pipeline,  Ci^H^gNOg. — This  alkaloid  exists  in  long  and  black 
pepper  (^pijjer  longum  and  piper  nigrum),  and  may  be  extracted,  there- 
from, by  strong  alcohol. 

Properties. — Piperine  crystallises  in  colorless  prisms,  which  melt  at 
212"  F.  (100°  C),  forming  a  yellow  oil.  The  crystals  are  insoluble  in 
cold,  but  slightly  soluble  in  hot  water.  The  alcoholic  solution  has  a 
hot  taste  like  that  of  pepper. 

Atropine  C17H23NO3. — Atropine  occurs  in  all  parts  of  the  deadly 
nightshade  {atropa  belladonna),  also  in  the  seeds  of  the  thornapple 
{datura  stramonium),  etc.  It  crystallizes  in  silky  needles,  which  are 
slightly  soluble  in  water,  but  easily  soluble  in  alcohol.  It  is  very 
poisonous. 
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Berberine,  C2oH^7N04.  Berberine  is  found  in  the  root  of  the  bar- 
berry (berberis  vulgaris),  and  also  in  colombo-root  (cocculus  jialmatus). 

PhysOStigmine,  C30H21N3O4. — Physostigmine  is  the  poisonous 
alkaloid  of  the  calabar  bean  {physostigma  venenosum).  It  is  easily 
extracted  from  the  bean  by  boiling  alcohol,  which  on  evaporation 
leaves  an  amorphous  mass,  slightly  soluble  in  water,  but  freely  soluble 
in  alcohol  and  in  ether. 

HyoSCyamine,  C15H23NO3. — An  alkaloid  contained  in  henbane 
Qiyoscyamus  niger).  It  crystallises  from  alcohol  in  silky  needles,  but 
is  generally  obtained  as  a  sticky  mass.  When  moist  it  has  the  odor 
of  tobacco.    It  is  soluble  in  water,  in  alcohol,  and  in  ether. 

Asparagine,  C4H8N2O3. — This  alkaloid  occurs  in  the  young  shoots 
of  the  asparagus.  It  forms  hard  brittle  crystals,  soluble  in  water,  but 
insoluble  in  alcohol  and  in  ether. 


(B.)  ALKALOIDS  OF  ANIMAL  ORIGIN. 


Name. 


Xanthine 


Hypoxanthine  (Sar- 
cine  


Guanine 


Eieatine 


Kreatinine    . . 


Sarcosine 


Formula. 


Source. 


C^H9N,02.2aq 


Urinary  calculi, 
guanine,  urine, 
all  parts  of  body. 
Formed  by  the 
action  of  nitrous 
acid  OQ  guanine. 


Flesh  of  vertebrata, 
also  in  blood, 
liver,  etc. 

Guano,  excrement 
of  spiders ;  pan- 
creatic juice. 


Flesh,  urine,  brain 


Ditto. 


Ditto. 


Properties,  etc. 


A  white  amorphous  body,  soluble  in 
acids,  forming  salts;  slightly  soluble 
in  boiling  water ;  soluble  in  alka- 
Kne  solutions.  Dissolves  in  HNO, 
•without  the  evolution  of  any  gas, 
leaving  a  yellow  residue  whioh 
turns  red  with  ammonia.  The  hy- 
drochloride is  insoluble  in  water, 

White  crystals,  soluble  in  boiling] 
(but  not  in  cold)  water,  and  in  dilute 
acids  and  alkalies.     The  hydro- 
chloride is  soluble  in  water 

Colorless  crystals ;  insoluble  in  water, 
alcohol,  ether,  and  ammonia;  solu- 
ble in  acids  and  in  a  potash  solu 
tion.  Forms  salts.  By  the  action 
of  KCIO3  and  HCl  it  forms  para- 
banate  (OgHjNjO,)  and  gumiadint, 
(CH5N3). 

Colorless  crystals  ;  soluble  in  boiling 
water ;  sparingly  soluble  in  cold 
water  (1  in  74) ;  insoluble  in  alcohol 
or  ether.  Solution  bitter.  Kreatine 
is  a  neutral  body,  combining  neither 
with  acids  nor  alkalies. 

Prepared  by  the  action  of  strong  acids 
on  kreatine.  It  forms  crvstals,  solu 
ble  in  water  (1  in  11  at  60°_F.),  th 
solution  being  very  alkaline.  It 
forms  salts  with  acids.  It  evolves 
methylia  when  heated  with  soda 
lime.  By  boiling  with  an  alkali  it 
forms  kreatine.  , , 

Prepared  by  boiling  kreatine  witniM 
baryta  water. 
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Name. 

FormulsB. 

Source. 

Properties. 

.  Tetanine      . .    . . 

S  \  Xanthocreatiniiie  . . 
•S  1 

g  <^  \Ji  \JLii\j\iL  CO  till  1  i  1  m       *  • 

^  /  Amphicreatinine  . . 
^  Pseudoxanthine  . . 

CNaH^O 
C,H„N 

Urine 
Beef  extract 

) 

y  Muscle 

{See  page  826.) 

Forms  a  crystalline  hy- 
drochloride soluble  in 
■water  and  alcohol. 
When  injected  hypo- 
dermically  produces  te- 
tanus. 

Constitution  of  the  Alkaloids. 

(1.)  Berzelius  regarded  the  alkaloids  as  conjugate  bodies  of  some 
neutral  substance  with  ammonia  (to  which  latter  compound  he  sup- 
posed they  owed  their  alkalinity),  founding  this  theory  on  the  universal 
presence  in  these  bodies  of  hydrogen  and  nitrogen.  To  this,  objection 
was  made  that  it  was  impossible  to  detect  the  presence  of  ammonia  in 
them. 

(2.)  Liebig  regarded  them  as  ammonias,  where  one  atom  of  hydrogen 
was  replaced  by  a  compound  radical  ;  in  other  words,  as  compounds 
of  amidogen  (NHg)  with  a  compound  radical  capable  of  acting  as  a 
hydrogen  atom,  and  not  destructive  to  the  original  alkalinity.  Thus 
in  aniline,  NH2(C6Hg),  one  hydrogen  was  regarded  as  having  been 
replaced  by  one  of  phenyl  (CgHg).  This  view  of  the  composition  of 
aniline  was  confirmed  by  the  circumstance  that  aniline  was  obtained 
by  the  action  of  heat  on  ammonic  phenate.    Thus — 

NH4.CgHgO  (ammonic  phenate)  =  NHgCCgHj)  aniline  +  HgO. 

Hence  an  amide  was  regarded  as  a  body  derived  from  an  ammoniacal 
salt  by  the  loss  of  a  water  molecule. 

(3.)  Further  investigation  has  shown  that  in  organic  bases — 

(a.)  One,  two  or  three  atoms  of  the  hydrogen  of  ammonia  may 
have  been  displaced  by  one,  two  or  three  molecules  of  a  univalent 
compound  radical  or  their  equivalent,  and  that — 

(j3.)  The  nitrogen  of  the  ammonia  may  also  be  displaced  by  certain 
elements,  such  as  phosphorus,  arsenic,  antimony,  etc. 

It  is  important  for  us  to  consider  here  the  method  of  investigation 
pursued  in  these  inquiries : — 

(1.)  If  ammonia  and  ethylic  iodide  (CoHgl)  be  heated  in  a  sealed 
tube,  the  apparently  conjugate  body  NHjjCaHgl  is  formed.  When 
this  compound,  however,  is  distilled  with  potassic  hydrate,  it  yields 
(not  ammonia,  but)  potassic  iodide  and  ethylamine,  this  latter  body 
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being  ammonia  where  one  of  hydrogen  has  been  displaced  by  one  of 
the  alcohol  or  hydrocarbon  radical  ethyl  (CgHg).    Thus — 

NH3.C2H5I  +  KHO    =    NH^CC^Hs)     +     KI     +  U.O. 

+  Potassic    =      Ethyl-amine        +  Potassic    +  "Water, 
hydrate  iodide 

Nevertheless,  ethylamine  is  a  colorless  and  alkaline  liquid,  forming  salts 
with  acids,  boiling  at  65-6°  F,  (18-7°  C),  and  smelling  of  ammonia. 

(2.)  If  a  mixture  of  ethylamine  and  ethylic  iodide  be  heated  as 
before  in  a  sealed  tube,  the  compound  NH2(C2Hg)C2HgI  will  be 
formed.  This,  on  being  distilled  with  potassic  hydrate,  furnishes 
potassic  iodide  and  diethylamine,  this  latter  compound  being  an  am- 
monia where  two  atoms  of  hydrogen  are  replaced  by  two  molecules 
of  the  alcohol  radical  ethyl  (CgHg).    Thus — 

NH2.C2H5.C2H5I  +  KHO  =  NH(CoHg)2  +    KI    +  H2O. 

+  Potassic  =    Diethylamine    +  Potassic  +  "^Vater. 
hydrate  iodide 

Nevertheless,  diethylamine  is  a  colorless  and  alkaline  liquid,  boiling 
at  134'6°F.  (57'0°C.),  and  behaving  chemically  as  ammonia. 

(3.)  Similarly,  diethylamine,  NH(C2Hg)2,  may  be  converted  into 
triethylamine,  N(C2H5)3,  which  is  also  a  colorless  and  alkaline  liquid. 

(4.)  If  triethylamine  N(C2H5)3  be  similarly  heated  with  ethylic 
iodide,  the  conjugate  compound  N(C2H5)3.C2H5l  is  formed. 

(5.)  But  in  the  same  manner  that  we  regard  the  hydriodate  of 
ammonia  as  an  iodide  of  the  hypothetical  metal  ammonium  (NH4), 
thus— 

(NH3)HI  (hydriodate  of  ammonia)  =  (NK^i)!  (iodide  of  ammonium), 
so  we  may  regard  the  compound  (N(C2H5)3C2H5l)  as  the  iodide  of 
tetrethylammonium  (N(C2H5)4l),  or,  in  other  words,  as  a  compound 
where  the  four  atoms  of  the  hydrogen  of  the  metal  ammonium  have 
been  replaced  by  four  of  ethyl. 

(6.)  On  heating  this  body  (]Sr(C2H5)4l)  with  potassic  hydrate,  it  is 
not  decomposed.  When  its  solution,  however,  is  treated  with  argentic 
oxide,  argentic  iodide  is  precipitated,  and  a  solution  of  tetrethyl- 
ammonic  hydrate  is  formed.    Thus — 

2[N(C2H5)4l]   +  Ag20   +  H2O  =  2[N(C2H5)4HO]  +  2AgL 
Iodide  of  tetr-      +  Argentic   +  Water  =    Tetrethylammonic      +  Argentic 
ethylammonium  oxide  hydrate  iodide. 

This  hydrate,  which  may  be  obtained  in  a  crystalline  state  by  eva- 
poration "  in  vacuo,"  is  an  alkaline,  caustic,  deliquescent  body,  freely 
absorbing  carbonic  anhydride  from  the  air,  expelling  ammonia 
from  its  salts,  forming  salts  with  acids,  forming  a  soap  with  fat,  etc. 
In  other  words,  we  have  points  of  close  relationship,  chemically, 
between  tetrethylammonic  hydrate  and  potassic  or  ammonic  hydrates. 
Thus— 
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KHO ;  (NH4)H0 ;  (N(C2H5)4)HO. 

Potassic  Animonic  Tetrethylammonic 

hydrate ;  hydrate ;  hydrate. 

(7.)  In  like  manner  experiments  might  be  conducted  on  ammonia 
with  the  iodides  of  other  alcohol  radicals,  as  of  methyl  (whereby 
methylamine  would  be  produced) ;  or  of  amyl  (forming  amylamine,  etc.). 
Or,  again,  one  hydrogen  may  be  replaced  by  one  radical,  and  one  by 
another.  Thus,  if  we  act  on  aniline  or  phenylamine  (NHaCgHs),  in 
succession  first,  with  iodide  of  methyl  (CH3I),  and  distil  with  potash, 
then  with  iodide  of  ethyl  (CsHg)!,  and  distil  with  potash,  and  lastly, 
with  iodide  of  amyl  (C5H11I),  and  distil,  we  obtain  a  compound  formed 
on  the  ammonium  type,  where  each  hydrogen  atom  is  replaced  by  a 
different  compound  alcohol  radical.    Thus  we  obtain — 

N(C6H5)  (CH3)  (C2H5)  (CsHiOHO. 
Hydrate  of  phenyl-methyl-ethyl-amyl  ammonium. 

(8.)  From  these  experiments  we  learn — 

(a.)  That  by  heating  ammonia  with  ethylic  iodide,  and  distilling  the 
product  with  potassic  hydrate,  we  obtain  products  where  the  hydrogen 
is  replaced  successively  by  C2H5.    Thus  we  obtain — 

Fu-st ;       Ethylamine,     NH2(C2H5)  when      is  replaced  by  C2H5. 
Secondly;  Diethylamine,  NH(C2k5)2    „     Hg         „  (03115)2 
Thirdly;   Triethylamine,  N(C2Hg)3       „     H3         „  (C2Hg)3. 

(/3.)  That  by  the  further  action  of  ethylic  iodide  on  triethylamine, 
a  compound  is  formed  containing  another  ethyl  molecule,  viz., 
N(C2H5)4l,  corresponding  to  the  salt  NH4I. 

(y.)  That  this  product,  unlike  the  previous  compounds,  is  not  de- 
composed by  the  action  of  potassic  hydrate,  but  may  be  made  to  yield 
a  caustic  alkaline  liquid  N(C2H5)4(HO),  closely  related  in  chemical 
reactions  and  properties  to  NE4(H0). 

9.  Adopting  a  similar  method  of  investigation  in  examining  the 
constitution  of  the  alkaloids  to  that  above  described  in  the  case  of 
ammonia,  we  ask  this  question — 

How  many  atoms  of  hydrogen  in  the  alkaloid  can  be  replaced  by  an 
alcohol  radical  (such  as  ethyl),  by  the  action  upon  the  'alkaloid  of  iodide 
of  ethyl  ? 

For  example : — 

Conine  has  the  formula  CsHijN.  We  act  upon  it  with  ethylic 
iodide,  and  distil  the  product  with  potassic  hydrate,  when  we  obtain — 

C8Hi4(C2H5)N. 

Thus  we  learn  for  certain  that  one  atom  of  the  hydrogen  of 
the  Conine  can  be  replaced  by  CgHg. 

We  again  act  on  the  new  body  formed  (C8Hi4(C£H5)N)  with  ethylic 
iodide,  and  we  obtain  the  product  C8Hi4(C2H5)2NI,  where,  although 
the  body  has  taken  up  a  new  molecule  of  C2H5,  nevertheless  another 
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hydrogen  atom  has  not  been  displaced.  Further,  it  will  be  found 
that  the  new  product  is  not  decomposed  when  treated  with  potassic 
hydrate,  and  may  be  converted  by  argentic  oxide  into  a  soluble  base 
corresponding  to  (NH4)H0. 

Hence  our  experiments  prove  that  only  one  hydrogen  atom  of  the 
alkaloid  conine  (CsHisN)  can  be  replaced  by  ethyl,  and  that  there- 
fore the  group  (CeHi^),  supposing  conine  to  be  an  ammonia,  must  play 
the  part  of  two  hydrogen  atoms.    Therefore  the  formula 

N  j  ^«^"^"or  NHCCsHi^)" 

may  be  taken  to  represent  the  constitution  of  conine  as  an  ammonia. 

10.  Again,  morphine  has  the  formula  Ci^HigNOs.  Heated  with 
ethylic  iodide,  it  forms  Ci7Hi9(C2Hg)N03l,  i.e.,  it  refuses  to  part  with 
any  of  its  hydrogen  under  the  action  of  ethylic  iodide.  Hence  the 
formula  N(Ci7Hj903)"'  represents  the  constitution  of  morphine,  exhibit- 
ing it  as  an  ammonia  where  the  group  Ci^H^gOs  plays  the  part  of  three 
atoms  of  hydrogen. 

11.  Some  alkaloids  containing  two  atoms  of  nitrogen  are  regarded 
as  being  built  up  on  the  double  ammonia  type  (NgHg)  ;  others,  con- 
taining three  of  nitrogen,  on  the  treble  ammonia  type  (NgHg),  etc. 
Thus  :— 

N2(C2oH2402)^*=Quinine  ;  N2(C2iH2202)^'= Strychnine. 

Reactions  of  the  Alkaloids. 

Quinine. — !•  Crystals;  tufts  of  needles.  Solutions  of  quinine  salts 
are  fluorescent. 

2.  Solvhility.  Soluble  in  alcohol,  ether,  etc.  ;  slightly  soluble  in 
water. 

3.  Heat.  (1.)  Entirely  dissipated  and  decomposed  when  heated  on 
platinum  foil.  (2.)  Give  a  violet-red  sublimate,  with  quinoline  odor, 
when  heated  in  a  test-tube. 

4.  Sulphuric  acid  dissolves  it.  The  color  produced  is  a  faint  yellow. 
(Salicine  gives  a  red.) 

Nitric  acid  dissolves  it.  No  color  produced,  but  the  solution  turns 
yellow  when  heated. 

Chlorine  water  and  ammonia ;  a  bright  green  solution. 

Chlorine  water,  potassic  ferrocyanide,  and  ammonia ;  a  deep  evanescent 
red  solution. 

5.  Turns  the  plane  of  polarization  to  the  le/t. 

Cinchonine. — l-  Crystals;  four-sided  prisms.  Solutions  of  cincho- 
nine  salts  are  not  fluorescent. 

2.  Solubility.  Soluble  in  alcohol ;  very  slightly  soluble  in  water ; 
insoluble  in  ether. 

3.  Heat.    Similar  to  quinine. 
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4.  Chlorine  water  and  ammonia;  a  yellowish  white  precipitate. 

5.  Turns  the  plane  of  polarization  to  the  right. 
Morphine. — l-  Crystals  ;  four-sided  prisms.    Taste,  bitter. 

2.  Solubility.    Soluble  in  water  and  alcohol ;  insoluble  in  ether. 

3.  Heat.  Melts,  inflames  like  resin,  leaving  a  little  charcoal,  which 
soon  burns  away. 

4.  Nitric  acid  turns  it  red  ;  color  destroyed  by  SnClg  and  (NHJgS. 
(^See  Brucine.) 

Sulphuric  acid  dissolves  it ;  solution  colorless. 
Ferric  chloride  (FegClg  neutral)  colors  it  blue. 

Narcotine. — l-  Crystals  ;  rhombic  prisms. 

2.  Sohibility.    Insoluble  in  water  ;  soluble  in  alcohol  and  ether. 

3.  Heat.    Fuses  and  is  finally  dissipated. 

4.  Sulphuric  acid.    A  red  color  when  heated. 
Chlorine  water  and  ammonia  ;  a  yellowish-red  liquid. 
Atropine. — !•  Crystals  ;  silky  needles, 

2.  Solubility.  Slightly  soluble  in  water  and  ether  ;  soluble  in 
alcohol  and  chloroform. 

3.  Heat.    Fuses  at  194°  F.,  decomposes  and  partially  sublimes. 

4.  Auric  chloride ;  a  yellow  precipitate. 

Aconitine. — !•  Crystals  not  well  marked.  When  a  minute  particle 
is  placed  on  the  tongue,  it  produces  tingling  and  numbness, 

2.  Solubility.  Slightly  soluble  in  cold  water,  soluble  in  alcohol  and 
ether. 

3.  Phosphoric  acid;  a  violet  tint. 

Sulphuric  acid  turns  it  yellow,  changing  to  a  dirty  violet. 

Strychnine. — l-  Crystals  ;  octahedra.    Taste  intensely  bitter. 

2.  Solubility.  Soluble  in  chloroform  and  methylic  alcohol ;  slightly 
soluble  in  water  and  dilute  alcohol ;  insoluble  in  absolute  alcohol  or 
ether. 

3.  Heat.    Slightly  volatile. 

4.  Sulphuric  acid  dissolves  it  without  change  of  color  ;  on  adding 
MnOg  or  PbOg,  etc,  to  the  acid  solution,  a  play  of  color  from  purple 
violet  to  red  is  obtained. 

5.  The  physiological  test  on  a  frog  is  infinitely  the  most  delicate. 
Brucine. — l-  Crystals  ;  needles  arranged  in  stars. 

2.  Solubility.    Soluble  in  water  and  alcohol ;  insoluble  in  ether. 

3.  Nitric  add.  A  bright  red  ;  becoming  yellow  by  heat ;  violet  by 
SnClj  or  (NH4)2S.    (See  Morphine.) 

4.  Chlorine  water,    A  red  solution,  becoming  yellow  with  ammonia. 

Caffeine. — !•  Crystals  ;  silky  needles.    Taste  very  bitter. 

2.  Solubility.    Soluble  in  water,  alcohol  and  ether. 

3.  Heat.    Melts  and  sublimes. 

4.  Nitric  acid.  Solution  red  when  evaporated  to  dryness  ;  turns 
purple  on  adding  ammonia. 
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Urea. — l-  Crystals  ;  four-sided  prisms  permanent  in  air. 

2.  Solubility.    Soluble  in  water  and  alcohol ;  insoluble  in  ether 

3.  Heat.    Evolves  NHg  ;  partially  sublimes. 

4.  Nitric  acid.    Forms  crystals  of  nitrate  of  urea. 
Potassic  hydrate  and  heat ;  evolves  ammonia. 
Oxalic  acid.    Deposits  tabular  crystals. 
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CHAPTER  XXIX. 
COLOEING  MATTEKS. 


Natural  History  —  General  Preparation  and  Properties  —  Yellows  —  Eeds  —  Blues  — 

Browns — Blacks. 

SuppLEMENTAKT  CHAPTER :  Dyeing  and  Calico  Printing. 

Natural  History. — A  few  coloring  bodies  are  found  (1)  in  the  animal 
kingdom,  e.g.,  cochineal  and  sepia,  but  they  occur  almost  entirely 
(2)  in  the  vegetable  kingdom. 

Preparation. — (1.)  By  solution  in  water,  spirit,  ether,  or  oils. 

(2.)  By  fermentation  {e.g.,  indigo,  madder,  archil,  and  litmus). 

Preparation  of  Indigo. — The  leaves  of  plants  of  the  species  indigo- 
fera,  are  placed  in  water  and  allowed  to  ferment.  A  yellow  soluble 
substance  is  first  formed,  which  in  time  turns  blue,  and  becomes 
insoluble.  This  constitutes,  when  dried,  the  indigo  of  commerce. 
The  change  of  color  is  due  to  the  oxidation  of  a  body  existing  in  the 
plant,  called  indican. 

Preparation  of  Madder. — Madder  is  prepared  by  a  similar  method  of 
fermentation,  whereby  a  yellow  substance  present  in  the  plant,  called 
rubian  (CgsHg^Ois),  becomes  converted  into  aHzarine  (Ci4H804). 

Preparation  of  Archil  and  Cudbear. — The  plants  are  first  digested 
with  lime  and  water,  and  the  clear  filtered  solution  neutralised  with 
hydrochloric  acid.  The  white  precipitate  thus  produced,  consisting 
of  one  or  more  acids,  such  as  erythric,  evernic,  and  lecanoric  acids, 
is  dissolved  in  hot  alcohol.  This  solution  is  then  boiled  with  lime, 
by  which  means  the  acids  are  decomposed.  The  clear  solution  from 
which  the  excess  of  base  has  been  removed  yields,  on  evaporation 
and  extraction  with  boiling  alcohol,  the  colorless  body  called  orcine 
(CyHgOg),  which  by  the  action  of  air  and  ammonia  forms  the  red 
coloring  matter  orceine  (C7H7NO3). 

In  practice  the  archil  and  the  cudbear  are  mixed  with  lime  and 
urine  (the  latter  to  furnish  ammonia),  and  the  mixture  exposed  to  the 
air  for  some  weeks.  In  the  case  of  litmus,  ammonic  and  potassic 
carbonates  are  used  instead  of  lime  and  urine.  The  red  color  pro- 
duced in  the  case  of  litmus  is  azolitmine  (CyHioNOg),  which  differs 
from  orceine  in  its  insolubility  in  alcohol. 

(3.)  By  artificial  processes  : — e.g.,  indigo-blue,  which  is  prepared 
from  aceto-phenone,  alizarin  from  anthracene,  etc. 
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Prope7'ties. — General. — The  organic  coloring  matters  are  solid  bodies. 
Some  of  them  are  crystalline,  such  as  alizarin,  mori tannic  acid,  haema- 
toxylin,  etc. 

Their  colors  are  bright ;  they  have  but  little  taste  or  odor. 
Heat  decomposes  most  of  them.    A  few  are  volatile  {e.g.,  indigo, 
alizarine). 

Light  bleaches  most  of  them,  especially  if  the  coloring  matter  be 
moistened  with  water. 

They  are  mostly  soluble  in  water,  but  are  insoluble  in  alcohol  or 
in  ether. 

Strong  acids  generally  decompose  them,  sulphuric  acid  charring, 
and  nitric  acid  oxidizing  them.  Weak  acids  change  the  blues  to 
reds.  Cyanine,  for  example,  is  the  blue  coloring  matter  of  certain 
flowers,  and  the  flower  is  bhie  if  its  juice  be  neutral,  but  red  if  it  be 
acid. 

They  are  all  bleached  by  chlorine,  by  sulphurous  acid,  by  reducing 
agents,  and  generally  also  by  the  action  of  nascent  oxygen. 

Alkalies  change  the  reds  to  greens  or  blues,  and  the  yellows  to 
browns. 

The  metallic  oxides  combine  with  many  of  them  to  form  permanent 
compounds  {e.g.,  the  lakes).  Thus  alumina,  ferric  oxide,  and  stannic 
oxide  are  used  as  mordants.  Charcoal  generally  both  absorbs  and 
destroys  the  colors. 

I.  The  Yellows. 

1.  Annatto  (seeds  of  Bixa  Orellana). — The  coloring  matter  "bixine" 
is  soluble  in  alkalies. 

2.  Chrysammic  Acid. — Prepared  by  the  action  of  nitric  acid  on 
aloes. 

3.  Gamboge  (Hebradendron  Gambogioides). — A  gum  resin,  the 
coloring  matter  being  soluble  in  water. 

4.  Hcematox^jlin  (Logwood;  Hasmatoxylon  Campechianum). —  It 
forms  the  red  hcematein  (CifiHuOg)  in  contact  with  oxygen  and  alkalies, 
and  a  black  by  the  action  of  potassic  chromate. 

5.  Luteoline  or  Weld  (Reseda  Luteola). — Soluble  in  water. 

6.  Morindiii  (Morinda  Citrifolia)  {Soranjee). 

7.  Moritannic  Acid  (Morns  Tinctoria  or  Fustic). — Soluble  in  water. 

8.  Oxypicric  Acid. — Prepared  by  the  action  of  nitric  acid  on  assa- 
foetida. 

9.  PA?/ZZoa;anfj^m.— Phylloxanthin  is  precipitated  by  boiling  chloro- 
phyll in  an  alcoholic  solution  of  potash,  and  adding  hydrochloric  acid 
to  the  solution. 

10.  Picric  Acid  is  a  derivative  of  phenol,  and  also  a  product  of  the 
action  of  nitric  acid  on  indigo. 

11.  Purree  or  Indian  Yellow  (origin  ?).— A  compound  of  magnesia 
and  purreic  or  euxanthic  acid. 


COLORING  MATTERS. 
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12.  Quercitrin  (Quercus  Tinctoria). 

13.  Rubian  (^See  Madder). 

14.  Saffron  (Yellow  Anthers  of  Crocus  Sativus). — A  glucoside. 

15.  Twrneric  (Curcuma  Longa). — The  coloring  matter  curcumine  is 
soluble  in  alcohol,  but  insoluble  in  water. 

16.  Xanthin  and  Xanthetne. — The  yellow  coloring  matter  of  flowers 
and  of  yellow  leaves. 

II.  The  Reds. 

1.  Alizarin  (See  Madder). 

2.  Braziline. — CosHjoOy,  obtained  from  Brazil  wood. 

3.  Carmine;  Cochineal;  (from  insects  of  cocus  tribe). — Cochineal 
is  extracted  by  water  and  alcohol.  The  coloring  body  is  carminic  acid 
{Ci^i'S^i)}  which  combines  with  alumina  to  form  lakes. 

4.  Draconine  (Dracoena  Draco). 

5.  Hcematein  {See  Hgematoxylin). 

6.  Madder  Bed  (Rubia  Tinctorum). — By  the  fermentation  of  the 
yellow  coloring  glucoside  rubian  or  ruberythric  acid  (CgoHeaOil)* 
whereby  alizarin  is  formed  (Ci4H804). 

7.  Orceine  (CyHgOj). 

8.  Safflower  (petals  of  Carthamus  Tinctorius). — The  coloring  matter 
carthamine  (Cj^Hj^gOy)  is  soluble  in  alkalies  and  is  reprecipitated  by 
acids. 

9.  Santaline  (Pterocarpus  Santalinus). 

III.  The  Blues. 

1.  Cyanine. — This  constitutes  the  blue  coloring  matter  of  flowers 
and  also  the  coloring  matter  of  grapes. 

2.  Indigo  (various  species  of  indigofera)  {See  General  Preparation, 
page  783). — By  the  action  of  deoxidizing  agents  and  an  alkali,  indigo 
becomes  soluble  and  colorless  (indigo  white),  changing  to  blue  on 
exposure  to  air.    Traces  of  indigo  have  been  found  in  the  urine. 

Blue  indigo    ...       ...       ...  CigHioNjOg. 

White  indigo  .. .        ...        ...  CigHioNgOg. 

By  oxidation,  indigo  forms  isatin  (C16H10N2O4),  which,  by  the  action 
of  chlorine  upon  it,  forms  chlorisatin  (Ci6H8Cl2N204j. 

3.  Litmus,  Archil  and  Cudbear  (from  various  lichens,  as  Roccella 
Tinctoria  (litmus),  Lecanora  Tartarea  (cudbear)).  These  colors  are 
developed  by  fermentation,  whereby  orceine  (C7H7NO3)  is  formed. 
{See  General  Preparation.) 

4.  Phyllocyanine. — From  chlorophyll.    This  coloring  matter  remains 
in  solution  after  the  phylloxanthin  has  been  precipitated. 

3  E 
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IV.  The  Greens. 

1.  Chlorophyll. — A  resinoid  body  present  in  plants.  It  is  soluble 
in  ether,  and  consists  of  phjUoxanthin  (a  yellow)  and  phyllocyaniue 
(a  blue). 

V.  Brown. 

Sepia,  from  the  cuttle  fish. 

VI.  Black. 

See  Hsematoxylin. 
Pigmentum  Nigrum. 
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DYEING  AND  CALICO-PRINTING. 

Dyeing. — To  obtain  uniformity  of  color  it  is  necessary  that  the 
coloring  matter  should  be  appHed  to  the  fabric  in  solution  ;  but  it 
is  also  essential,  in  order  that  the  color  should  not  be  discharged 
when  the  fabric  is  washed,  that  it  should  be  rendered  insoluble  in 
the  fibre. 

Sometimes  the  fibre  itself  forms  an  insoluble  compound  with  the 
coloring  matter.  Thus,  animal  fabrics  (such  as  silk  and  wool)  com- 
bine with  coloring  matters  ;  but  if  this  does  not  happen,  as  in  the 
case  of  cotton,  other  systems  have  to  be  adopted,  such  as  the  follow- 
ing : — (a.)  The  fibre  is  sometimes  impregnated  with  a  material  called 
a  mordant,  such  mordant  being  capable  of  forming  an  insoluble  com- 
pound with  the  coloring  matter  {e.g.,  alumina  and  cochineal).  (/3.)  In 
the  case  of  a  color  formed  by  the  admixture  of  solutions,  the  fabric 
is  first  saturated  with  one  solution  and  then  dipped  into  the  second, 
so  that  the  insoluble  coloring  matter  may  be  formed  in  the  fabric 
itself.  (Thus,  a  blue  dye  is  formed  from  ferric  chloride  and  potassium 
ferrocyanide.) 

The  red  dyes  used  are  madder  and  brazil  wood,  alum  and  bitartrate 
of  potash  being  the  mordants  employed.  Lac  or  cochineal  are  used 
for  dyeing  wool,  stannic  chloride  and  bitartrate  of  potash  being  used 
as  mordants.  The  aniline  colors  are  also  employed,  albumen  being 
required  as  a  mordant  in  dyeing  cotton,  no  mordant  being  necessary  for 
wool  or  silk. 

The  blues  used  in  dyeing  are  usually  indigo,  the  aniline  blues,  and 
Prussian  blue,  the  latter  being  formed  by  the  admixture  of  solutions 
of  ferric  chloride  and  potassic  ferrocyanide. 

The  yellows  employed  are  weld,  quercitron,  fustic,  annatto  (alumi- 
nous mordants  being  used  for  each  of  these  dyes),  lead  chromate 
(formed  by  the  admixture  of  acetate  of  lead  and  potassic  chromate), 
smd  carbazotic  acid. 

Browns  and  blacks  are  formed  by  a  mixture  of  tannin  and  a  salt 
of  iron,  difEerent  shades  depending  on  the  relative  proportions  of 
each,  or  by  the  admixture  of  indigo,  etc. 

Calico  Printing.— This  consists  in  the  production  of  a  pattern  on 
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the  fabric.  This  is  effected  in  different  ways  :  (1.)  By  printing  the 
pattern  on  the  fabric  with  the  mordant  mixed  with  gum.  By  the 
action  of  water  containing  cow-dung  or  some  dung  substitute  (dunging) 
any  excess  of  mordant  may  be  removed.  The  fabric  is  then  dipped  in 
the  dye-bath ;  any  color  taken  up,  except  that  on  the  mordanted  pattern, 
can  be  washed  out  with  water.  (2.)  Sometimes  a  resist  is  used,  that 
is,  a  substance  like  citric  or  tartaric  acid,  which  prevents  the  fabric 
taking  the  color  on  those  parts  to  which  the  resist  has  been  apphed. 
(3.)  Sometimes  a  discharge  is  used.  The  color  from  a  uniformly 
printed  fabric  dyed  with  indigo,  madder,  etc.,  may  be  removed  wherever 
desired  by  the  application  of  an  acid  mixed  with  gum,  and  afterwards 
passing  the  fabric  through  a  solution  of  chloride  of  lime.  By  this 
means,  the  color  will  be  discharged  wherever  the  acid  has  been  placed. 
Different  colors  may  also  be  produced  at  the  same  time,  by  combining 
the  acid  with  different  reagents. 


CHAPTER  XXX. 


VEGETABLE  CHEMISTRY. 

Tissues  of  Vegetable— Cellulin— Vegetable  Parcbmeiit— Gun  Cotton — 'Woody  and 

Corky  Tissue — The  Life  of  a  Plant. 

The  organised  structures  of  plants  are  made  up  of  three  kinds  of 
material  : — 

(1.)  CelluUn  (lignin)  (CeHioOs)^.  This  constitutes  the  growing  part 
of  the  plant,  such  as  the  cambium  layer,  etc. 

(2.)  Woody  matter  (sclerogen),  such  as  the  duramen  or  alburnum. 

(3.)  Corky  matter.  Of  this  material  the  outer  layer  of  the  plant  is 
composed. 

In  cellulin,  the  hydrogen  and  oxygen  are  present  in  the  proportion 
to  form  water,  but  in  woody  tissue  and  in  corky  matter  the  propor- 
tions are  difierent. 

I.  Cellulin  {Ugnin  cellulose)  (CgHioOg)!!.  This  constitutes  the 
growing  and  active  part  of  the  plant.  It  forms  the  basis  of  vegetable 
cells  and  of  the  true  cell-wall.  In  its  purest  form  it  is  met  with  in 
the  extremities  of  the  roots  and  buds,  in  the  pith  or  medulla,  in  the 
medullary  rays,  in  the  cambium  or  under  layer  of  the  bark,  and  in 
certain  hairs  or  filaments  about  the  seeds,  such  as  cotton,  etc.  Fungi, 
and  the  substance  called  vegetable  ivory,  are  said  to  consist  of  nearly 
pure  cellulin. 

Preparation. — The  adhesion  of  the  encrusting  woody  tissue  of  the 
plant  to  the  cellulin  is  so  great,  that  it  is  scarcely  possible  to  prepare 
it  in  a  state  of  absolute  purity.  By  the  consecutive  action  of  various 
solvents,  such  as  water,  alcohol,  ether,  dilute  alkalies,  and  acids,  etc., 
a  condition  of  comparative  purity  may  be  effected. 

Properties. — (a.)  Physical.  A  tasteless,  colorless,  and  innutritions 
substance.  Specific  gravity,  1"9.  Its  appearance  varies  :  thus  it  is 
spongy  in  the  shoots  of  germinating  seeds  ;  porous  and  elastic  in  the  pith 
of  the  rush  and  elder  ;  flexible  and  tenacious  in  the  fibres  of  the  hemp 
and  flax  ;  compact  in  the  branches  of  growing  trees  ;  hai'd  and  dense  in 
the  shells  of  the  filbert,  etc.  Cellulin  possesses  the  power  of  depo- 
larizing a  ray  of  polarized  light. 

Chemical.  Cellulin  is  insoluble  in  hot  or  in  cold  water,  in 
alcohol,  in  ether,  or  in  oils.  It  is  soluble  in  an  ammoniacal  solution 
of  cupric  oxide  (see  cupr-ammonia,  p.  459),  from  which  solution  it  may 
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be  precipitated  by  acids.  It  is  not  acted  on  by  iodine.  It  is  capable 
of  fermentation,  as  sbown  in  the  ripening  of  fruits. 

Ccncentrated  alkaline  solutions  dissolve  it  slightly,  converting  it  first 
into  starch,  and  finally  into  gum ; — hence  fabrics  are  injured  by  being 
boiled  in  soda.    Heated  with  alkalies,  it  forms  oxalic  acid. 

Action  of  Acids. — Dilute  mineral  and  organic  acids  have  very  little 
action  upon  it.  Hydrochloric  acid  dissolves  it  if  the  cellulin  be  heated 
with  it,  but  the  cellulin  is  precipitated  on  the  addition  of  water. 
Sulphuric  acid  dissolves  it,  converting  it  first  into  dextrin,  and  finally 
after  prolonged  boiling  in  a  quantity  of  water,  into  glucose.  Nitric 
acid,  (specific  gravity,  1*2)  has  no  action  upon  it  unless  the  mixture  be 
heated,  when  it  forms  oxalic  acid. 

Vegetable  Parchment. — Preparation.  By  immersing  blotting- 
paper  in  a  mixture  of  2  parts  of  oil  of  vitriol  and  1  part  of  water. 
The  paper  after  immersion  needs  thorough  washing. 

Properties. — Tough,  waterproof,  and  transparent.  It  neither  gains 
in  weight  nor  alters  in  composition  by  the  action  of  the  acid,  the 
change  being  molecular. 

Gun-Cutton  (^Pyroxylin;  Nitro-cellulin  ;  Cellulo-nitrin). — Prepara- 
tion. By  soaking  cotton  wool  in  a  mixture  of  fuming  nitric  (1*5 
specific  gravity)  and  sulphuric  acids: — 

CgHioOs    +      3HNO3     =    C6H7(N02)305    +  3H2O. 
Cellulin      +     Kitric  acid      =      Trinitro  cellulin      +  "Water. 

Constitution. — Cellulin  has  been  regarded  as  a  trihydric  alcohol 
CgH702(OH)3,  and  pyroxylin  as  a  nitric  ether,  CgHyOgCNOsja; 
a  similar  relationship  exists  betweeu  glycerin,  C3H5(OH)3  and  nitro- 
glycerin C3H5(N03)3,  and  between  ethylic  alcohol,  C2Hg(0H)  and 
ethylic  nitrate  C2H5(N03).  The  more  rational  formula  for  gun-cotton, 
however,  seems  to  be  C6H7(N02)30g,  i.e.,  regarding  it  as  a  substi- 
tution product  of  cellulin,  CgH^oOsj  where  H3  has  been  replaced  by 
(NO2),. 

Properties. — (a.)  Physical.  Notwithstanding  that  the  form  and  ap- 
pearance of  the  cellulin  remains  unaltered  after  the  action  of  the  acid, 
it  will  be  found  to  have  increased  82  per  cent,  in  weight,  and  to  have 
lost  its  power  of  depolarizing  a  ray  of  light.  It  will  moreover,  have 
become  hygroscopic  and  highly  electrical  when  rubbed  or  pulled  out 
briskly.  It  is  insoluble  in  alcohol,  water,  ether,  or  in  dilute  acids,  but 
is  soluble  in  acetic  ether,  in  methylic  acetate,  and  in  a  mixture  of  ether, 
ammonia,  and  potash. 

(/3.)  Chemical.  Its  composition  varies  according  to  the  strength  of 
the  acid  employed  : — 

Thus,  by  the  use  of  a  less  concentrated  nitric  acid,  a  less  highly  nitrated 
nitro-cellulin  may  be  produced,  such  as  the  compounds  CgHg(N02)05 
and  C6H8(N02)205,  the  latter  constituting  the  dinitro-cellulin  used  for 
collodion. 
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Gun-cotton  inflames  at  or  about  400°  F.  (204-5°  C.)- 

By  the  action  of  reducing  agents  (such  as  nascent  hydrogen,  etc.), 
gun-cotton  may  be  reconverted  into  cellulin. 

The  products  of  its  combustion  are  CO,  COo,  N,  HNO3,  and  CN. 

Collodion  is  a  solution  of  dinitro-cellulin  in  a  mixture  of  alcohol  and 
ether. 

Uses  of  Cellulin. — In  nature,  its  use  is  essentially  vital,  performing 
the  functions  of  the  plant,  and  elaborating  the  various  products  from 
the  vegetable  juices. 

In  the  arts,  cellulin  is  used  in  the  manufacture  of  paper,  cotton 
fabrics,  gun-cotton,  collodion,  etc. 

II.  Woody  Matter  (incmsting  matter;  sclerogen).  This  is  the 
deposit  found  either  within  the  cell,  or  encrusting  the  cell  wall.  It  is 
difficult  to  obtain  it  in  a  state  of  purity  on  account  of  the  rapidity  with 
which  it  becomes  oxidized.  It  is  insoluble  in  water,  alcohol,  or  in  ether. 
Unlike  cellulin,  it  is  soluble  in  alkalies.  Exposed  to  the  air,  and  more 
especially  under  the  influence  of  certain  parasitic  plants,  it  becomes 
pulverulent  dri/  rot")  Sulphuric  acid  does  not,  as  in  the  case  of 
cellulin,  convert  woody  matter  into  sugar.  Nitric  acid  tinges  it  yellow, 
and  forms  certain  gelatinous  compounds  with  it  ;  hydrochloric  acid 
renders  it  brown  and  black.  Iodine  with  sulphuric  acid  turns  it  of  a 
blue  color.  The  products  of  its  destructive  distillation  have  been 
already  described  (page  597). 

Uses. — ^In  nature  woody  matter  gives  support  to  the  plant.  In  the 
arts  its  uses  are  numberless. 

III.  Corky  Matter  is  also  an  incrusting  'material,  and  always 
occurs  outside  the  cell  wall.  The  entire  plant — leaves,  fruit,  flowers, 
and  indeed  every  cell,  is  covered  with  it. 

Properties. — It  is  lighter  than,  and  impermeable  to  water.  It  is  in- 
soluble in  water,  in  alcohol,  or  in  ether.  It  is  soluble  in  alkalies.  It  is 
insoluble  in  strong  sulphuric  acid  except  by  heat,  or  after  a  prolonged 
period  of  action,  but  it  is  soluble  in  nitric  acid  (specific  gravity,  1'2), 
which  converts  it  into  suberic  acid.  It  is  dissolved  by  chlorine.  It  is 
turned  brown  (not  blue  like  woody  matter)  by  iodine  and  sulphuric 
acid.    It  will  not  take  a  dye.    These  reactions  show — 

1.  Why  potatoes  and  fruits  do  not  dry,  viz.,  owing  to  the  imper- 
meability to  water  of  the  corky,  encrusting  matter. 

2.  Why  cotton  must  be  first  bleached  with  chlorine  before  being 
dyed,  viz.,  to  remove  the  corky  matter  present  on  the  cells. 

Uses  in  nature. — To  bind  cells  together,  and  to  prevent  the  moisture 
in  the  cells  evaporating. 

The  Life  of  a  Plant. 
The  seed  is  placed  in  the  ground. 

The  soil  is  formed  by  the  combined  action  of  air  and  rain  containing 
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carbonic  acid  in  solution  upon  rocks.  The  water  in  the  interstices  of 
the  rock,  by  expansion  during  a  frost,  assists  in  breaking  down  the 
rock  upon  which  the  rain  and  air  have  previously  acted.  Thus  the  soil 
derives  certain  mineral  ingredients.  The  spores  of  the  lower  orders  of 
plants,  such  as  the  lichens,  find  in  the  broken-down  rock  a  resting- 
place,  where  they  grow,  live,  and  die ;  tbeir  remains  supplying  the  soil 
with  organic  constituents  necessary  for  the  growth  of  plants  of  a  higher 
order. 

The  seed  is  placed  in  this  soil.  Under  the  influence  of  warmth  and 
moisture,  and  by  the  action  upon  it  of  a  nitrogenized  ferment  (diastase), 
the  insoluble  starch  of  the  seed  is  converted  into  soluble  sugar,  thus 
providing  the  first  food  of  the  plant,  until  it  is  able  to  shift  for  itself. 
The  germ  shoots,  i.e.,  sends  forth  leaves  and  roots.  These  are  the 
organs  whereby  it  obtains  food,  the  former  acting  as  lungs,  or  rather 
as  organs  of  transpiration  and  formative  organs,  and  the  latter  as 
mouths  for  the  absorption  of  liquids  necessary  for  its  sustenance. 

The  food  of  the  plant  is  entirely  inorganic.  To  take  the  inorganic 
and  to  fit  it  for  the  use  of  the  animal,  is  the  special  work  of  the 
vegetable.  The  ground  on  which  the  plant  grows  is  the  medium  for 
such  transference.  One  thing,  however,  is  essential,  viz.,  that  the  food 
supplied  to  the  plant  should  be  soluble. 

The  leaves  inhale  ammonia  and  more  particularly  carbonic  anhydride. 
The  lower  surface  of  the  leaf  is  the  active  surface  in  this  respect,  as 
well  as  in  the  giviug-offi  of  the  water  absorbed  by  the  roots.  The  leaves 
absorb  but  little  water,  a  moist  air  being  required  in  certain  cases 
merely  to  check  transpiration.  Under  the  action  of  light  and  in  the 
presence  of  water,  the  cells  of  the  leaves  fix  the  carbon  of  the  carbonic 
anhydride,  and  exhale  pure  oxygen.  This  carbon  they  utilize  in  the 
preparation  of  the  vegetable  products  characteristic  of  plant  life. 

The  roots  also  take  up — carbon  as  COg,  derived  from  decaying 
organic  matter,  nitrogen  from  the  ammonia  carried  down  by  rain  or 
set  free  as  a  product  of  putrefaction,  or  derived  from  the  nitrates  and 
nitrites  the  results  of  nitrification,  together  with  sulphur,  phosj)horus, 
and  chlorine  derived  from  the  sulphates,  phosphates,  and  chlorides  in 
the  soil. 

Thus  the  plant  grows,  the  tips  of  the  buds  and  the  extremities  of 
the  rootlets  being  the  active  points  of  growth.  Here  no  starch  is  to 
be  found,  since  in  these  parts  it  is  converted  into  sugar  to  aid  the 
growth. 

The  culminating  point  in  the  life  of  the  plant  is  the  formation  of 
fruit.  The  unripe  fruit,  as  well  as  fleshy  roots  and  other  vegetable 
organs,  contain  an  insoluble  body  called  pectose,  to  which  the  hardness 
of  unripe  fruits  is  due,  together  with  a  vegetable  acid,  such  as  citric, 
tartaric,  malic,  etc.,  to  the  presence  of  which  their  sour,  rough  and 
astringent  taste  is  to  be  attributed.  By  the  action  of  warmth,  of  the 
acid,  and  of  a  peculiar  ferment  present  in  the  fruit  (called  by  Fremy 
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pectase)  the  insoluble  pedose  of  unripe  fruits  undergoes  change  into  the 
soluble  pectin  {C^B.^O^\  of  ripe  fruits,  which,  as  ripening  proceeds, 
becomes  transformed  into  pectic  and  pectosic  acids.  These  impart  to 
the  juice  its  power  of  gelatinizing  (that  is,  of  forming  a  jelly)  when 
boiled.  Further,  the  fruit  as  it  ripens  absorbs  oxygen,  and  evolves 
carbonic  acid.  Thus  the  tartaric  or  other  acid  by  oxidation  becomes 
converted  into  fruit  sugar.    Thus — 

SC^HA  +03=   CgHi^Oe    +   3H,0   +  6C0,. 

Tartaric     +    Oxygen    =    Fruit  sugar    +     Water     +  Carbonic 
acid  anhydride. 

A  similar  change  to  that  described  above  results  in  the  case  of  the 
cellulin  and  of  the  starch  by  the  assimilation  of  water. 
Thus  the  ripe  fruit  becomes  sweet. 

The  ripening  action  being  complete,  oxidation  still  continues,  but  it 
now  induces  the  changes  incident  to  decay. 

Finally,  the  plant  dies  and  decays.  Its  carbon  is  dissipated  as  COg, 
its  hydrogen  as  HjO,  and  its  nitrogen  as  NH3.  Thus  the  dead  plant 
becomes  gaseous  food  for  living  plants.  Its  mineral  constituents  are 
washed  into  the  soil,  whilst  its  woody  tissue  rots  and  forms  humus. 
These  also  serve  as  sources  of  food  for  fresh  vegetation. 

The  plant-feeding  power  of  the  soil  needs  constant  renewal  in  order 
to  maintain  its  fertility.  This  is  effected  by  manuring ;  phosphorus, 
sulphur,  nitrogen  and  silica,  together  with  lime,  magnesia,  and  the  alka- 
lies, are  supplied  by  gypsum  (which,  as  well  as  supplying  lime  and 
sulphur,  serves  to  retain  the  carbonate  of  ammonia  by  converting  it  into 
sulphate),  by  bone-ash,  by  superphosphate,  by  sodium  chloride  (which 
may  be  converted  into  carbonate,  silicate,  or  other  salts  of  sodium) 
by  sodium  nitrate,  by  the  alkaline  silicates  (soluble  silicates  being 
needed  more  especially  by  the  cereals),  and  by  ammonium  sulphate. 

Further,  dead  plants,  the  ashes  of  plants,  urine,  solid  animal  excre- 
ment, guano  {i.e.,  the  dung  of  carnivorous  sea  birds,  which  contains  a 
large  quantity  of  urate  of  ammonia),  and  soot  which  contains  ammonia, 
are  all  employed  as  sources  of  food  for  the  vegetable. 

Sometimes  the  ground  is  allowed  to  lie  fallow,  chemical  changes 
occurring  in  the  soil  by  the  action  of  air  and  moisture,  whereby  the 
ground  becomes  enriched. 

The  use  of  lime  depends  on  its  power  of  promoting  the  decay  of 
organic,  and  the  decomposition  of  mineral  matters,  whereby  they  are 
converted  into  soluble  forms. 

Lastly,  it  must  be  remembered  that  different  plants,  like  different 
animals,  need  different  foods.  Hence  the  principle  of  "  the  rotation  of 
crops." 
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ANIMAL  CHEMISTRY. 

Albuminoids  :    I.^  Animal  SoUds— II.  Nutrient  Fluids— III.  Digestion,  and  the 
Fluids  concerned  in  it— IV.  Excrementitious  Products. 

ALBUMINOIDS  OR  PROTEIDS. 

The  Proteids  form  the  chief  part  of  the  solid  constituents  of  every 
solid  tissue,  and  are  indissolubly  connected  with  every  manifestation  of 
vital  activity. 

The  formula  CyaHnaNigOggS  represents  their  approximate  com- 
position. A  little  ash  always  remains  after  incineration,  consisting 
chiefly  of  alkaline  chlorides  and  phosphates. 

Their  origin  is  vegetable  and  vegetable  only.  It  is  the  special  work 
of  the  vegetable  to  form  albuminoids  out  of  the  simple  chemical  com- 
pounds serving  as  their  food. 

The  animal  cannot  form  a  proteid,  but  it  can  convert  one  proteid  into 
another  proteid  characteristic  of  any  special  animal  solid  or  fluid. 

Their  end  is  to  be  burnt  up  in  the  animal  economy,  the  liver  and 
kidneys  being  the  main  furnaces  for  such  destruction.  Water  and 
carbonic  acid,  along  with  imperfectly  oxidized  organic  bodies  are  formed 
as  the  products  of  the  burning,  these  latter  compounds  containing  the 
nitrogen  of  the  proteid.  Of  such  bodies,  urea  stands  foremost.  The 
processes  whereby  these  compounds  are  formed  are  termed  metabolic 
processes. 

No  doubt  intermediate  bodies  are  formed  from  the  partial  de- 
composition of  the  proteids  prior  to  their  ultimate  destruction.  Of 
such  retrograde  intermediate  compounds,  glycogen  and  fats  are  illus- 
trations. 

Whether  proteids  undergo  higher  synthetical  development  in  the 
animal  is  doubtful.  Possibly  hcemoglobin  may  be  an  illustration  of  such 
higher  development ;  but  the  process  is  at  most  unusual. 
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CLASSIFICATION  OF  THE  PROTEIDS. 
Class  I.  Albumens. 

(Soluble  in  water.    Solutions  coagulated  by  heat.) 
Name.  Source.  Properties. 


Ser-albumen  . .    Blood  serum  A  yello-w,  elastic,  transparent  body.    If  quite  dry, 

may  be  heated  to  100°  C.  without  change.  Its 
aqueous  solution  is  precipitated  by  alcohol,  and  co- 
agidated  by  heat.  It  is  not  precipitated  from  its 
solution  by  a  small  quantity  of  dilute  acid,  but  is 
precipitated  on  the  addition  of  acids  in  large  quan- 
tity. The  precipitate  is  soluble  in  excess  of  strong 
HCl,  and  in  strong  HNO3.  When  injected  into  the 
yeins,  ser-albumen  does  not,  like  ov-albumen,  pass 
into  the  urine. 

Ov-albumen  . .  Egg  . .  . .  Coagulated  by  ether  and  turpentine,  -which  ser-albu- 
men is  not.  It  is  also  unlike  ser-albumen  in  being 
insoluble  in  strong  HNO3.  When  injected  into  the 
veins,  it  passes  into  the  urine  unchanged. 

Veget-albumen    Plants      . ,    Occurs  in  nearly  all  vegetable  juices,  especially  in 

potatoes  and  wheat  flour.  Its  reactions  closely  re- 
semble those  of  ov-albumen. 


Class  II.  Globulins. 

(Insoluble  in  pure  water.    Soluble  in  dilute  acids  and  alkalies,  and 
in  dilute  solutions  (1  per  cent.)  of  NaCl  or  other  neutral  salt.) 


Name. 


Myosin  . , 


Globulin  (para- 
globulin). 


Fibrinogen 


Vitellin 


Source. 


Muscle 


Prepared  from 
Blood  serum, 
by  passing 
COj  through 
a  dilute  solu- 
tion. 

Aqueous  hu- 
mour. 

Crystalline 
lens. 

Pericardial 

fluid. 
Hydrocele 

fluid,  etc. 
Yelk  of  egg 


Properties. 


Coagulated  by  heat  and  by  alcohol.  Soluble  in  very 
dilute  HCl,  rapidly  becoming  acid-albumen  or  syn- 
tonin.  Dissolves  in  dilute  alkali,  forming  an  albu- 
minate. 

The  globulin  from  blood  serum  is  Jibrino -plastic,  i.e., 
it  can  form  fibrin  in  contact  vrith  certain  bodies.  In 
this  respect  it  diflers  from  the  globulin  of  the 
crystalline  lens. 

Precipitated  by  COj  or  by  very  dilute  acids  from  its 
solution  in  NaCl .  Soluble  in  water  saturated  with 
oxygen,  and  in  very  dilute  alkaline  solutions ;  but 
if  the  solution  contains  1  per  cent,  of  alkali  it  dis- 
solves as  an  albuminate,  and  not  as  free  globulin.  It 
is  converted  into  acid-albumen  by  dilute  acids.  It 
coagulates  at  168°  F.  {70°  C). 

Fibrinogen  is  more  difficult  to  precipitate  by  COj,  and 
less  difficult  to  precipitate  by  a  mixture  of  alcohol 
and  ether,  than  globulin. 

Vitellin  is  the  residue  left  after  treating  the  yelk  with 
ether.  It  is  a  white  granular  body,  insoluble  in 
water,  but  soluble  in  solutions  of  neutral  salts.  It 
is  neither  fibrino-plastic  nor  fibrinogenous.  It  is 
converted  into  acid  albumen  by  dilute  acids,  and 
is  soluble  in  dilute  alkalies  as  an  albuminate.  It  is 
believed  to  be  a  mixture  of  albumin  and  casein. 
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Class  III.    Derived  Albumens. 

(Insoluble  in  water  and  in  dilute  NaCl  solutions.   Soluble  in  dilute 

acids  and  alkalies.) 


Name. 

Source. 

Properties. 

(a.)  Acid  albu- 
men 

(p.)  AlKali  albu- 
men (albumi- 
nate) 

Casein   . . 

Plant  casein 
(legumin) 

Milk  ..  .. 

Seeds  of 
plant* 

Albumens  dissolved  in  dilute  acids.  If  the  albumens 
of  Class  I.  be  acted  on  with  a  small  quantity  of 
dilute  acid  (HCl  or  aceiic),  the  coagulation  of  the 
albumen  does  not  take  place  at  70°  C,  and  its  levo- 
rotatory  actioa  on  a  polarized  ray  is  largely  increased 
(acid  albumen).  Oa  carefully  neutralising  this  acid 
solution,  a  -white  precipitate  of  albumen  is  thrown 
down,  -which  -will  be  found  to  be  insoluble  in  -water 
or  in  a  sodium  chloride  solution,  but  to  be  soluble  in 
an  excess  of  an  alkali  or  of  an  alkaline  carbonate. 
Coagulates  at  70°  C.  The  albumens  of  Class  II.  are 
also  soluble  in  dilute  acids,  forming  acid  albumens. 
The  solutions  yield  a  precipitate  -when  neutralized, 
but  tbis  (unlike  that  produced  in  the  case  of 
Class  I.)  is  not  soluble  in  neutral  saline  solutions. 

Albumens  dissolved  m  dilute  alkalies.  Like  acids, 
dilute  alkalies  prevent  the  coagulation  of  albumen 
by  heat ;  buc  the  albumen  is  precipitated  on  the 
solution  being  neutralized,  precipitation  not  taking 
place  in  the  presence  of  alkaline  phosphates  (albu- 
minates). 

Casein  is  closely  allied  to  the  artificial  albuminates. 

It  is  coagulated  by  the  action  of  certain  animal 

membranes  (rennet). 
Precipitated  by  rennet. 

Class  IV.  Fibrin. 

(Insoluble  in  pure  water.    Sparingly  soluble  in  neutral  saline  solutions, 
or  in  dilute  aeids  and  alkalies.) 

Name. 

Source. 

Properties. 

Fibrin    . .    . . 
Plant  fibrin  . . 

Blood;  lymph; 
chyle. 

Plants,  espe- 
cially seeds 
of  cereals. 

For  its  formation  see  Blood(pp.  808,  814).  Fibrin  is  very 
elastic  and  possesses  a  filamentous  structure.  It  is 
insoluble  in  -water,  except  at  very  high  tempera- 
tures, or  after  lengthened  action.  It  swells  up  when 
acted  on  with  dilute  acids  and  alkalies,  and  dissolves 
plightly  after  their  prolonged  action,  aided  by  heat. 
Swells  up  in  cold  HCl  (1  per  cent.),  and  dissolves 
-svith  ease  if  pepsin  be  added  to  the  acid  solution. 

By  boiling  with  sulphuric  acid,  is  converted  into  leu- 
cine, tyrosine, 'and  glutamic  acid. 

PROPERTIES  OF  THE  PROTEIDS. 
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Class  V.  Coagulated  Proteids. 

(Insoluble  either  in  dilute  or  strong  acids,  except  acetic  acid.  Soluble 
in  the  gastric  fluid  (pepsin)  or  in  the  pancreatic  juice  (pan- 
creatine), which  converts  the  coagulated  proteid  first  into  syn- 
tonin  and  finally  into  peptones.) 


Name. 

Source. 

Properties. 

Coagulated  proteids  are  produced  by  the  action  of  heat 
or  of  alcohol  on  neutral  solutions  of  albumen,  fibrin, 
myosin,  etc.  Strong  HCl  and  also  ether  convert 
ov-albumen  into  a  coagulated  form.  Heat  similarly 
converts  the  albuminates  into  a  coagulated  form, 
but  the  precipitate  may  be  reconverted  into  albu- 
minates by  potassic  hydrate. 

Class  VI.  Peptones. 

(Bodies  formed  by  the  action  of  the  gastric  juice  on  albuminoids. 
Soluble  in  pure  water  ;  solutions  not  being  coagulated  by  heat. 
Insoluble  in  alcohol  and  ether.) 


Name. 

Source. 

Properties. 

Peptones 

Stomach  and 

These  bodies  are  highly  diflfusible.    They  are  not  pre- 

small intes- 

cipitated either  by  acids  or  alkalies. 

tines  only. 

The  proteids  are  amorphous  colloidal  substances,  turning  the  plane 
of  polarization  to  the  left.  Their  solubilities  are  stated  in  the  fol- 
lowing table  (from  Fownes) : — 

I.  Proteids  soluble  in  water  : 

Aqueous  solutions  not  coagulated  by  boiling  Peptones. 
Aqueous  solutions  coagulated  by  boiling    .  Albumens. 

II.  Proteids  insoluble  in  water  : 

(a.)  Soluble  in  a  1  p.  c.  solution  of  sodic 

chloride  Globulins. 

{ft.)  Insoluble  in  a  1  p.  c.  solution  of  sodic 
chloride. 

Soluble  in  hydrochloric  acid  (0"1  p.  c.)  in 
the  cold  : 

Soluble  in  hot  spirit  ....  Alkali-albumen. 
Insoluble  in  hot  spirit  ....  Acid-albumen. 
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Insoluble  in  hydrochloric  acid  (O'l  p.  c.)  in 
the  cold  : 

Soluble  in  hydrochloric  acid  (0-1  p.  c.) 

at  60°  C  Fibrin. 

Insoluble  in  hydrochloric  acid  (0-1  p.  c.) 

at  60°  C. ;  insoluble  in  strong  acids  : 

Soluble  in  gastric  juice     .       .       .       .  (  Coagulated 

(  ALBUMEN. 

Insoluble  in  gastric  juice  ....  AmyloId. 

Reactions  of  the  Proteids. 

1.  The  proteids  are  all  soluble  in  acetic  acid  and  in  solutions  of 
the  caustic  alkalies  by  the  aid  of  heat.  They  coagulate,  however,  at 
different  temperatures;  albumens  coagulating  between  67°  and  73°  C, 
myosin  below  55°  C,  whilst  others  require  a  temperature  above  75°  G. 

Solutions  of  proteids  react  as  follows  : — 

2.  Precipitated  on  the  addition  of  an  excess  of  mineral  acids. 

3.  A  white  precipitate  produced  by  potassium  ferrocyanide  in  an 
acetic  acid  solution. 

4.  Precipitated  when  an  acetic  acid  solution  is  boiled  with  a 
saturated  solution  of  sodium  sulphate. 

[Precipitation  of  a  proteid  occurs  with  basic  lead  acetate  —  with 
mercuric  chloride — with  tannic  acid — with  alcohol — also  on  the 
addition  of  powdered  potassium  carbonate  to  saturation,  etc.] 

5.  Milloii's  test  (Millon's  reagent  : — Dissolve  mercury  by  heat  in 
2  parts  of  nitric  acid  ;  dilute  this  acid  liquid  with  twice  its  bulk  of 
water.  Pour  off  the  clear  supernatant' liquid  for  use).  A  precipitate 
of  a  purple  red  colour  is  formed  when  a  proteid  is  heated  with  Millon's 
reagent. 

6.  Xanthoproteic  reaction. — Nitric  acid  and  heat — Solution  becomes 
yellow.  —  An  amber-red  color  is  produced  on  adding  an  excess  of 
alkali  to  the  yellow  mixture. 
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A.— ANIMAL  SOLIDS. 
!  ES,  Teeth,  Shells,  etc.,  Flesh,  Gelatin,  Chondrin,  Hair,  Silk, 

Brain  and  Nerve  Tissue. 

Bone,  Teeth,  Shells. 
Table  I. 

Composition  of  the  Healthy  Human  Bones  of  a  Child  and  of  an  Adult. 


Bones  from  a  child  set.  13  months. 
Cause  of  death  bronchitis. 

Bones  from  a  male  aet.  40  years. 
Cause  of  death  bronchitis. 
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Table  II. 

Composition  of  the  Bones  of  d 

ifferent  Mammals,  Birds,  Fish,  and  Reptiles. 
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Table  III. 


Composition  of  certain  Diseased  Bones,  of  Teeth,  and  of  various  Shells. 


Diseased  Bone. 

Tooth. 

Enamel 

of 
Tooth. 

Crab 

Oyster 

Hen's 
Egg 
Shell. 

Fish 
Scales 
(Perch). 

Rachitis. 
Tibia. 

Caries. 
Femur. 

Shell. 

Shell. 

Calcium  pbospliate 
Calcium  fluoride . . 
Calcium  carbonate 
Magnesium  phos- 
phate 
Other  salts  . . 
Animal  matter    . . 

j-26-9 
4-9 

0-  8 

1-  1 
66-3 

38-4 
5-4 

1-1 

0-9 
54-2 

64-3 
6-3 
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1-4 
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Omitting  the  periosteum,  or  external  membrane  of  the  bone,  and 
the  internal  membranes,  marrow,  etc.,  bone  consists  of  a  mixture  of 
an  organic  substance,  called  ossein,  with  certain  inorganic  compounds. 
It  has  been  stated  that  iron  has  been  found  in  bone,  but  this  is 
probably  due  to  the  retention  of  a  small  quantity  of  blood  in  the 
bone. 

We  would  note  that : — 

(1.)  There  is  a  close  resemblance  in  the  chemical  composition  of  the 
bones  of  the  higher  mammalia.    (Table  II.) 

(2.)  The  bones  of  the  young  contain  more  animal  matter,  and  leas  -j.; 
earthy  matter  than  the  bones  of  adults.    There  is,  however,  no  well- 
marked  gradation  in  the  proportions.    (Table  I.) 

(3.)  The  composition  of  bone  is  influenced  by  certain  diseases. 
(Table  III.)  These  alterations  consist  generally  in  a  diminution  of  the 
several  earthy  constituents. 

(4.)  The  composition  of  bone  varies  slightly  with  the  part  from 
which  it  is  derived.  Thus  the  femur  and  humerus  contain,  as  a  rule, 
more  earthy  matter  than  the  tibia  and  fibula  or  the  radius  and  ulna 
of  the  same  individual,  whilst  the  scapula,  the  sternum  and  the  vertebrae 
contain  less  earthy  matter  than  the  long  bones.    (See  Table  I.) 

(5.)  It  would  seem  that  the  bones  of  males  contain  slightly  more 
earthy  matter  than  the  bones  of  females. 

Of  other  animal  substances  closely  allied  to  bone  we  note — 

(a.)  Teeth  (Table  ni.).  The  substance  of  the  teeth  is  (excepting 
the  enamel)  very  like  bone  in  composition.  The  enamel  (i.e.,  the 
covering  of  the  tooth  external  to  the  gum),  is  remarkable  for  con- 
taining very  little  organic  matter  and  a  large  excess  of  inorganic 
constituents. 

(13.)  The  Shells  of  the  crustacese  and  of  the  mollusca,  and  also 
birds'  eggs,  contain  generally  but  little  phosphate  and  a  considerable  ^ 
excess  of  carbonate  of  lime. 


FLESH. 
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(y.)  In  Fish.  Scales  the  phosphate  of  lime  is  less,  and  the  animal 
matter  more,  than  occurs  in  bone. 
Properties  of  bone. 

(a.)  Action  of  heat  in  open  vessels.  The  organic  matter  burns  away, 
leaving  a  white  "  bone-ash  "  (CagPjOs).  This  residue  is  used  in  the 
manufacture  of  phosphorus  (see  page  151),  and  for  a  manure  principally 
in  the  form  of  superphosphate. 

(j3.)  Action  of  heat  in  closed  vessels  (Destructive  distillation).  Am- 
monia and  tarry  matters  (Bone-oil  or  DippeVs  oil)  are  evolved,  the 
residue  remaining  in  the  retort  constituting  "Animal  Charcoal"  or 
"  Bone  Black."  This  consists  of  a  mixture  of  phosphate  of  lime 
and  finely  divided  carbon.  Animal  charcoal  is  largely  used  in  sugar 
refining.  After  its  decolorizing  power  has  been  exhausted,  the 
charcoal  may  be  burnt  for  the  purpose  of  recovering  the  bone  ash. 

(y.)  Action  of  water.  When  bones  are  boiled  in  water  at  212°  F. 
(100°  C.)  all  that  occurs  is  the  separation  of  the  fat  present  in  the 
bone.  This  floats  on  the  surface  of  the  water,  the  ossein  of  the 
bone  being  insoluble.  If  the  bone,  however,  be  digested  in  water  at 
a  temperature  of  300°  F.,  e.g.,  in  a  Papin's  digester,  the  organic  matter 
is  rapidly  converted  into  gelatin,  which  is  soluble  in  water.  This 
converted  ossein  is  used  for  glue. 

(S.)  Action  of  acids.  When  dilute  hydrochloric  acid  is  added  to  bone, 
effervescence  first  occurs  by  the  action  of  the  acid  on  the  lime  carbonate. 
In  time  the  dilute  acid  dissolves  out  the  whole  of  the  earthy  phos- 
phates, etc.,  leaving  a  semi-transparent  horn-like  body,  called  ossein 
(the  organic  constituent  of  the  bone),  which  by  the  action  of  heat 
under  pressure  may  be  converted  into  gelatin. 

(e.)  Action  of  burial.  After  long  burial  the  organic  matter  of  bone 
disappears,  the  inorganic  constituents  only  remaining. 

Flesh. 

Composition  of  Flesh — 

Water    78-0 

Fibrin  (with  nerve  tissue,  blood-vessels,  etc.).  17*0 

Albumen    2*5 

Other  constituents  of  the  juice    2*5 


100-0 

Muscle  contains  about  three-fourths  its  weight  of  liquid.  One  part  of 
the  water  of  muscle  is  due  to  the  blood  present,  and  a  second  part  to 
the  "jiiice  of  flesh,"  as  it  is  called,  i.e.,  an  acid  liquid  containing 
kreatin,  inosite,  and  certain  salts,  together  with  phosphoric,  lactic, 
and  butyric  acids. 

Kreatine  (C4HgN302-faq),  when  boiled  in  an  acid,  loses  water  and 
becomes  kreatinine  (C4H7N3O),  a  minute  trace  of  which  is  found  in 
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urine.  When  boiled  with  alkalies,  kreatin  gains  water  and  yields  urea 
(CH4N2O)  and  sarcosin  (C3H7NO2). 

Inosite  or  muscle  sugar  (CgHigOg.  +  2aq),  a  body  similar  in  composition 
but  dissimilar  in  properties  to  grape  sugar,  may  be  prepared  from  the 
concentrated  extract  of  flesh.  It  may  also  be  obtained  from  green 
kidney-beans. 

As  soda  is  the  chief  alkali  of  the  blood,  the  alkalinity  of  blood  being 
supposed  to  be  due  to  phosphate  of  soda  (Na2HP04),  so  potash  is  the 
chief  alkali  of  the  juice  of  flesh,  the  acidity  of  flesh  being  supposed 
to  be  due  to  the  acid  phosphate  of  potash  (KH2PO4). 

Gelatin  and  Chondrin  do  not  pre-exist  in  the  animal  kingdom, 
but  result  from  the  action  of  boiling  water  on  gelatinous  tissues,  such 
as  skin,  tendons  and  bones,  or  on  chondrin-producing  tissues,  such 
as  the  cartilages  of  the  ribs  and  joints. 

Ultimate  Composition  of  Gelatin  and  Chondrin. 


Gelatin.  Chondrin. 

Carbon                                       50-0  49-1 

Hydrogen     ...       ...       ...         6'6  7"1 

Nitrogen                                    18'3  14-4: 

Oxygen                                     25-1  29-4 


100-0  100-0 


In  addition  to  the  above,  earthy  phosphates  are  always  present  in 
gelatin  and  chondrin.  ' 

Gelatin  is  found  in  a  pure  state  as  isinglass  (the  dried  swimming- 
bladder  of  the  sturgeon),  and  in  a  less  pure  state  as  calf's-foot  jelly, 
glue,  and  size.  It  is  soluble  in  hot  water,  but  insoluble  either  in  cold 
water,  in  alcohol,  or  in  ether.  It  shrinks  greatly  in  bulk  when  ex- 
posed to  dry  air.  If  perfectly  dry,  gelatin  may  be  preserved  in- 
definitely, but  when  moist  it  rapidly  becomes  acid,  and  putrefies. 

A  gelatin  solution  is  precipitated  as  tanno-gelatin  by  tannic  acid  * 
(the  only  acid  known  that  possesses  the  power  of  precipitating  it), 
by  alcohol,  by  mercuric  chloride,  by  mercurous  and  mercuric  nitrates, 
and  by  chlorine  (as  a  chlorite  of  gelatine).  It  is  neither  precipitated 
by  alum  nor  by  basic  or  neutral  lead  acetate. 

Boiled  with  strong  alkaline  solutions,  it  is  converted  into  leucine, 
or  amido  caproic  acid  (C2H13NO2),  and  glycocol  (glycocine)  or  amido- 
acetic  acid  (C2H5NO2),  with  the  evolution  of  ammonia. 

A  one  per  cent,  solution  of  gelatin  sets  on  cooling.  Eepeated  boiling 
destroys  this  property. 

Chondrin  is  the  gelatin  obtained  by  the  action  of  boiling  water  on 
the  cartilages  of  the  ribs  and  joints. 

*  Leather  consists  of  a  comhinatiou  of  a  gelatinous  tissue  (as  sHn)  with  tannin 
{see  page  736) . 
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It  is  not  so  soluble  as  gelatin  in  boiling  water.  It  is  precipitated 
by  acids.  In  the  case  of  acetic  acid  the  precipitate  is  insoluble  in 
an  excess  of  acid,  but  in  the  case  of  the  other  acids  the  least  excess  of 
acid  effects  the  solution  of  the  precipitate.  Its  solution  is  precipitated 
by  alum  and  by  lead  acetate.  It  forms  glucose  when  boiled  with 
hydrochloric  acid. 

Uses— Size  is  the  gelatinized  solution  produced  by  boiling  clippings 
of  hides,  parchment,  etc.,  in  water. 

Glue  is  manufactured  by  boiUng  the  parings  of  hides,  etc.,  in  water. 
The  hides  are  first  carefully  cleansed  from  hair  and  blood  by  lime. 
This  done,  the  lime  is  carbonated  by  free  exposure,  after  which 
the  hides  are  boiled  in  water.  The  liquid  is  kept  warm  for  a 
time  to  allow  the  impurities  to  subside.  The  solution  is  then  cooled, 
the  gelatinized  mass  being  cut  into  slices  and  dried  on  nets  in  the 
air.  The  temperature  at  which  the  drying  process  is  effected  is 
important,  a  summer  heat  having  a  tendency  to  melt  the  glue,  and  a 
winter  cold  to  split  it. 

Hair  contains  3  to  5  per  cent,  of  sulphur. 

Silk. — This  is  said  to  consist  of  three  layers,  the  outer  one  of  gelatin, 
and  soluble  in  water  ;  the  centre  one  of  albumen,  and  soluble  in  boiling 
acetic  acid  ;  the  inner  one  of  sericin  (CisHggNgOg)  and  insoluble  either 
in  water  or  in  acetic  acid. 

Brain  and  Nerve  Tissue. — The  waterT/  extract  (75  to  so  per  cent.) 

of  brain  tissue  contains  inosite,  kreatin,  uric  acid,  xanthin,  sarcine,  and 
lactic  acid,  whilst  the  solid  undissolved  matters  consist  of  fats,  chole- 
sterin,  cerebrin  or  cerebric  acid  (C17H33NO3)  and  lecithin  (C42Hg4NP09). 
Lecithin  is  also  found  in  the  yolk  of  eggs,  and  is  a  substance  largely 
diffused  in  the  animal  organism.  It  presents  the  appearance  of  a  waxy 
mass,  forming  an  emulsion  with  water,  and  uniting  both  with  acids  and 
bases.  On  boiling  with  acids,  lecithin  is  resolved  into  choline,  glycero- 
phosphoric  acid,  palmitic  and  oleic  acids.  The  ash  (3  to  4  per  cent.) 
consists  mainly  of  the  salts  (especially  potassium  salts)  of  sulphuric 
and  phosphoric  acids. 

B.— NUTRIENT  ANIMAL  FLUIDS. 
Blood,  Chyle,  Lymph,  Milk. 
Blood. 

Composition. — This  can  only  be  stated  very  generally,  although  it 
is  to  be  remarked  that  the  composition  of  blood  is  singularly  uniform. 
This  is  the  more  remarkable,  considering  the  work  it  has  to  perform  in 
supplying  the  materials  for  the  replenishment  of  worn-out  tissue,  and 
in  carrying  away  some  of  the  products  arising  from  their  destruction. 
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Average  Composition  per  1,000  parts  of  Human  Blood  (Becquerel  and 

Kodier). 


The  quantities  are  stated  in  parts  per  1,000 
of  blood. 

Male. 

Female. 

Specific  Gravity  of  defibrinated  blood . . 

1060-0 
1028-0 

1057-5 
1027-4 

"Water     . .       . . 
ijibrm  (r) . . 

/  Saponified  fat 

£  QtUV              1  X  i-lUo Uli.Ul  AiuCU  JtCliI*       ■  •               •  •               •  • 

matters,   j  Cholesterin  . . 

\  Serolin 
Albumen  . . 

Blood  corpuscles . .       . .       . .       . .       .  < 

Extractive  matters  and  salts  

779-00 

f  1-00 
,      \  0-49 

'  0-02 
69-40 
141-10 
6-80 

791-10 

9-90 

I  1-04 
,      )  0-46 
1-61    0-  9 
'  0-02 
70-50 
127-20 
7-40 

1,000-10 

1,000-01 

Salts    \  Earthy  phosphates 

(  Soluble  salts  other  than  NaCl 
Iron                                  ••       .*  •• 

I  3-10 
5-93-^  0-33 
(  2-60 
0-57 

(  3-90 
7-15  {  0-35 
(  2-90 
0-64 

It  may  be  noted  that  arterial  blood  contains  more  fibrin  and  less 
fat  and  albumen  than  venous  blood. 

The  gases  present  in  blood  have  been  estimated  by  Magnus  and 
Meyer. 

Free  Gases  present  in  100  vols,  of  Blood  taken  from  the  Carotid  of  a  Dog. 
(Corrected  to  0°  C.  and  760  mm.) 

Exp.  1.  Exp.  2. 

Oxygen  (free  or  combined  with  haemoglobin)  12-43 
Nitrogen 

Free  carbonic  anhydride   


2-83 
5-62 


20-88 


14-29 

5-  04 

6-  17 


25-50 


The  combined  carbonic  acid  was  found  to  be,  in  100  volumes  of 
blood,  in  the  first  experiment,  28-61  volumes,  and  in  the  second  experi- 
ment, 28-58  volumes.  This  would  give  a  total  of  49-49  and  54-08 
volumes  of  gas,  free  and  combined,  in  100  volumes  of  blood.  Relatively 
venous  contains  more  carbonic  acid  and  less  oxygen  than  arterial 
blood  ;  but  absolutely,  the  carbonic  acid,  both  in  arterial  and  in  venous 
blood,  is  always  in  excess  of  the  oxygen. 

Constitution.— FxQ&k  blood,  as  revealed  by  the  microscope,  consists 
of  numerous  red  globules  (hlood  corpuscles)  and  of  a  few  colorless 
corpuscles  floating  in  a  colorless  liquid.  This  colorless  Hquid,  termed 
the  liquor  sanguinis,  consists  of  what  is  called  blood  serum,  holdmg 
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the  fibrin,  or  fibrin-forming  bodies,  in  solution.  The  composition  of  the 
blood  corpuscles  and  of  the  liquor  sanguinis  respectively,  are  stated  in 
the  following  table  : — 


Average  Composition  per  1,000  parts  of  Blood  Corpuscles  and  of  Liquor 
Sanguinis  (Serum  and  Fibrin). 


Blood  corpuscles  [Sp.  Gr.  1088-5]. 

Liquor  Sanguinis  [Sp.  Gr.  1028]. 

688-00 

902-90 

Solid  constituents 

312-00 

Solid  constituents 

97-10 

Consisting  of — 

Globulin  and  cell  mem- 

282-22 

Consisting  of — 

brane,  or  stroma  . . 

Haematiii  ( with  iron )     . . 

78  84r 

[This  body  is  a  deriva- 

16-75 

4.05 

tive  of  hsemoglobin."] 

1-72 

Extractive  matters  . . 

2-31 
2-60 

Extractive  matters 

3-94 

Mineral  matter   ( without 

Mineral  matter 

8-55 

iron) 

Consisting  of — 

8-12 

Consisting  of — 

1-686 

3-644 

0-066 

Sulphuric  acid  . . 

0-116 

Phosphoric  acid 

1-134 

Phosphoric  acid  . .    . . 

0-191 

Phosphate  of  lime    . . 

0114  ' 

Phosphate  of  lime 

0-311 

,,       ,,  magfnesia   , . 

0-073 

„       ,,  magnesia 

0-222 

3-328 

0-323 

1-052 

3-341 

0-667 

0-403 

I. —  The  Blood  considered  generally. 

Properties- — («•)  Sensible  and  Physical.  The  blood  is  a  viscid, 
red  fluid.  As  regards  color,  we  have  already  noted  that  this  is  de- 
pendent on  the  presence  of  red  corpuscles,  and  not  upon  any  dissolved 
coloring  matter  in  the  liquor  sanguinis.  The  exact  color  of  the  blood 
varies  : — 

(1.)  It  difEers  according  to  its  source.    Thus  :  the  blood  in  the 
arteries,  in  the  pulmonary  veins,  and  on  the  left  side  of  the  heart,  is  of  a 
florid  scarlet  red,  whilst  that  in  the  veins,  on  the  right  side  of  the  heart, 
and  in  the  pulmonary  arteries,  is  dull  purple.    This  difEerence  of  color 
was  at  one  time  supposed  to  be  physical,  and  due  to  alterations  in  the 
capacity  of  the  red  corpuscles  (dependent  on  change  of  shape)  for  re- 
flecting and  transmitting  light.    It  is,  no  doubt,  true  that  the  more 
spherical  the  globules,  in  other  words,  the  more  swollen  the  corpuscles 
are  with  water,  the  darker  colored  is  the  blood.    Hence  it  was  taught 
that  carbonic  acid  effected  the  expansion  of  the  cells,  thereby  ren- 
dering them  bi-convex,  and  the  blood  dark  ;  whilst  oxygen  effected 
the  contraction  of  the  cells,  thereby  rendering  them  bi-concave,  and 
the  blood  bright  red.    It  is,  however,  tolerably  evident  that  the  Color 
changes  are  not  simply  physical  but  chemical,  and  dependent  oH  the 
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state  of  oxidation  of  the  haemoglobin  or  blood-coloring  matter.  Thus^ 
in  arterial  blood  the  haemoglobin  is  oxidized,  and  of  a  scarlet  color  j 
whilst  in  venous  blood  a  part  at  least  of  the  haemoglobin  will  be  de- 
oxidized, and  purple.  Possibly,  the  physical  condition  of  the  cor- 
puscles, as  well  as  the  presence  of  carbonic  acid,  may  be  elements  in 
the  case ;  nevertheless,  there  can  be  but  little  doubt  that  the  changes 
of  color,  from  scarlet  to  purple  and  back  again  to  scarlet,  are  primarily,, 
if  not  entirely,  due  to  the  oxidation  and  deoxidation  of  the  haemo- 
globin. 

(2.)  The  quantity  of  haemoglobin  in  the  corpuscles,  as  well  as  the 
proportion  of  corpuscles  to  serum,  influences  the  . color  of  the  blood. 

(3.)  The  form  of  the  corpuscles  (see  above).  Thus  the  more  spherical 
the  corpuscles,  the  darker  the  blood  will  appear. 

(4.)  The  thickness  of  the  cell- wall  of  the  corpuscles.  Mulder  sup- 
posed this  to  be  the  real  cause  of  the  different  colors  of  venous  and 
arterial  blood.  He  pointed  out  that  potassium  nitrate  and  iodide,  and 
also  sodium  phosphate  and  carbonate,  thicken  the  external  membrane  of 
the  corpuscles,  and  render  the  blood  of  a  lighter  color. 

(5.)  Any  reagents,  like  the  caustic  alkalies  and  certain  organic  acids,, 
that  burst  the  corpuscles,  render  the  blood  of  a  brownish-red  color. 

The  odor  of  blood  is  more  marked  after  it  has  been  warmed.  By 
treating  the  blood  with  sulphuric  acid,  its  odor  becomes  so  charac- 
teristic that  it  is  often  possible  to  say  the  animal  from  which  the 
blood  so  treated  was  derived.  (Barruel.)  The  odor  of  the  blood  of 
males  is  more  intense  and  well-marked  than  that  of  females.  This 
odor  is  supposed  to  be  due  to  a  volatile  fatty  acid. 

Specific  Gravity. — The  specific  gravity  of  living  blood  cannot  be  ob- 
tained. The  blood  first  drawn  has  a  higher  (?)  specific  gravity  than 
that  drawn  after  an  interval,  owing  to  haemorrhage  increasing  the 
quantity  of  water  in  the  blood.  Normal  blood  has  a  specific  gravity 
varying  from  1052'0  to  1057*0,  1055  being  an  average.  Perfect  health 
is,  however,  consistent  with  still  greater  variations  than  those  men- 
tioned. The  specific  gravity  of  the  blood  of  women,  and  especially  of 
pregnant  women,  is  less  than  that  of  men,  whilst  it  is  least  of  all  in 
children.  The  specific  gravity  of  venous  blood  is  always  somewhat 
higher  than  that  of  arterial.  The  blood  from  various  animals,  so  far 
as  specific  gravity  is  concerned,  varies  very  little.  The  blood  of  the 
bullock  (four  experiments)  was  found  to  have  an  average  specific 
gravity  of  1060-0,  whilst  that  of  the  sheep  (seven  experiments),  was 
1053-0.  (Tidy.) 

The  temperature  of  the  blood  is  usually  100°  F.  (37-8°  C),  but  the 
blood  on  the  left  side  of  the  heart  is  said  to  be  1°  to  2°  F.  (-55°  to 
1-1°  C.)  warmer  than  the  blood  on  the  right  side.  The  blood  is  said 
to  be  warmed  by  passing  through  the  liver,  and  cooled  by  its  passage 
through  the  superficial  capillaries. 

03.)  Chemical.    The  blood  has  invariably  a  slightly  alkaline  reaQ- 
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tion  when  first  drawn  from  the  body,  but  it  becomes  acid  after  a  short 
time,  owing,  it  is  supposed,  to  the  conversion  of  the  sugar  into  lactia 
acid.  Menstrual  blood  is  said  to  be  acid,  but  this  is  probably  due  to 
its  intermixture  with  the  acid  mucus  of  the  uterus  or  vagina. 

Coaffulation.—ln  from  two  to  six  minutes  after  the  blood  has  been 
drawn  from  the  body  it  coagulates,  becoming  in  the  first  instance 
a  red  jelly-like  mass,  which  becomes  gelatinous  after  seven  to 
fourteen  minutes.  Coagulation  commences  on  the  surface  and  near 
the  sides  of  the  vessel.  The  solid  mass  formed  gradually  con- 
tracts, forcing  out  a  watery  fluid.  This  stage  of  contraction, 
(i.e.,  the  separation  of  the  clot  or  crassamentum  from  the  serum) 
is  usually  complete  in  from  twelve  to  forty  hours.  The  '|  clot " 
consists  of  fibrin  with  the  blood  corpuscles  entangled  in  its 
meshes  (the  blood  corpuscles  not  having  had  time  to  subside  be- 
fore coagulation),  whilst  the  "  seimm"  is  the  liquor  sanguinis  minus 
the  fibrin,  and  in  which  the  clot  floats. 

If  from  any  cause  the  clot  contracts  less  rapidly  than  usual  (as 
happens  in  inflammatory  blood,  and  normally  in  horses'  and  donkeys' 
blood),  or  if  the  red  corpuscles  sink  more  rapidly  than  usual,  owing 
to  a  greater  tendency  of  the  blood  corpuscles  to  form  rouleaux  (as 
happens  in  inflammation),  or  to  a  relative  deficiency  of  red  cor- 
puscles (as  in  chlorosis)  a  white  layer  collects  on  the  surface  of  the 
clot,  consisting  either  of  fibrin  only,  or  of  a  mixture  of  fibrin  with  white 
corpuscles.    This  constitutes  what  is  caUed  the  "  bufEy  coat,"  or  the 
"inflammatory  crust"  of  blood.    This  "buffy  coat"  contracts  more 
rapidly  than  the  rest  of  the  clot.    Hence  a  cupped  depression  on  the 
surface  of  the  clot  becomes  apparent  after  a  short  time. 

The  earlier  physiologists  explained  the  coagulation  of  the  blood  iu 
a  variety  of  ways  :— (1.)  By  some  (e.g.,hj  Borelli)  it  was  thought  that 
the  liquidity  of  the  blood  depended  on  its  constant  motion,  whilst 
coagulation  resulted  from  want  of  movement.  (2.)  By  others,^  co- 
agulation was  supposed  to  depend  on  the  action  of  the  air.  This 
theory  was  upset  since  it  was  found  that  coagulation  took  place  in 
vacuo.  (3.)  By  others,  coagulation  was  traced  to  the  cooling  of  the 
blood.  Experiments  however,  on  the  contrary,  indicated  that  the  tem- 
perature of  the  body  was  in  reality  that  most  favorable  to  coagulation. 
(4.)  By  others  (John  Hunter)  coagulation  was  supposed  to  be  due  to 
the  action  of  life,  being  connected,  according  to  their  theory,  with 
the  vitality  of  the  blood. 

Hewson  was  the  first  to  suggest  that  coagulation  depended  on  the 
separation  of  some  one  or  more  solid  constituents  from  the  liquor 
sanguinis. 

Buchanan  first  noted  that  ascitic  and  hydrocele  fluids,  etc.,  did  not 
coagulate  spontaneously,  but  that  so  soon  as  a  little  of  the  liquid 
pressed  from  a  blood  clot  had  been  added  to  these  fluids  a  coagulum 
was  formed,  coagulation  in  such  case  being  similar  to  that  occurring 
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in  blood  ;— in  other  words,  Buchanan  showed  that  the  liquid  from 
a  "washed  blood  clot"  would  coagulate  liquids  otherwise  non- 
coagulable. 

This  action,  it  was  proved,  did  not  depend,  as  was  suggested  in 
the  first  instance,  on  the  blood-coloring  matter.  Buchanan  concluded 
that  fibrin  did  not  coagulate  spontaneously  any  more  than  casein  or 
albumen,  but  that  its  coagulation  in  the  blood  depended  on  the  presence 
of  a  second  substance,  which,  by  its  action  upon  the  fibrin,  occasioned 
coagulation.  In  fact,  he  urged  that  just  as  rennet  coagulated  casein, 
so  this  second  substance,  whatever  it  was,  coagulated  fibrin. 

What,  then,  was  this  coagulating  material  ?  The  washed  blood  clot 
(he  remarked)  consisted  of  fibrin  and  colorless  blood  corpuscles.  Bucha- 
nan believed  the  colorless  blood  corpuscles  to  be  the  active  agents 
of  coagulation.  In  support  of  this  view  he  urged  (1)  that  the  bu% 
coat  of  horses'  blood  was  one  of  the  most  powerful  coagulating  agents, 
preserving  its  energy  even  after  it  had  been  dried  and  pulverized  ; 
and  (2)  that  the  upper  layers  of  the  red  clot  were  more  active  than 
the  lower  layers.  In  both  these  cases  it  was  noteworthy  that  the 
colorless  blood  corpuscles  were  specially  numerous. 

Buchanan's  views  amounted  to  this  :  "  That  coagulation  depended  on 
some  one  or  more  soluble  constituents  of  the  liquor  sanguinis  becom- 
ing insoluble  fibrin  by  the  action  exerted  upon  it  or  them  by  the 
colorless  corpuscles." 

The  next  question  he  investigated  was,  What  is  the  nature  of  the 
soluble  body  on  which  the  white  corpuscles  act  ?  Some  authorities 
urged  that  it  was  soluble  fibrin  ;  others  (as  Denis,  in  1859)  that  it 
was  a  proteid  body  (to  which  the  name  plasmine  was  given),  yielding 
fibrin  as  the  result  of  its  decomposition,  together  with  another  proteid 
soluble  in  the  serum. 

Schmidt'' s  researches  indicated  that  two  distinct  substances  were  present 
in  blood,  to  which  he  gave  the  names  fibrinogen  and  paraglobulin.  He 
held  that  the  paraglobulin  (a  fibrinoplastic  body)  by  its  action  on  the 
fibrinogen  occasioned  coagulation.  Coagulation  was  complete  so  soon 
as  all  the  fibrinogen  had  been  thus  converted.  But  after  complete 
coagulation,  there  remained,  he  said,  an  excess  of  paraglobulin.  Ascitic 
•fluid  (he  argued)  contains  no  paraglobulin,  but  much  fibrinogen. 
The  fluid  from  the  washed  blood  clot,  containinff  some  of  the  excess 
of  the  paraglobulin  of  the  blood,  was  capable,  therefore,  of  coagulating 
the  fibrinogen  of  the  ascitic  fluid.  Hence  the  reason,  according  to 
this  view,  (1)  that  blood  coagulates  spontaneously,  viz.,  because  it 
contains  both  fibrinogen  and  paraglobulin  ;  (2)  that  ascitic  fluid  does 
not  coagulate  spontaneously,  mz.,  because  although  it  contains  fibrino- 
gen, it  does  not  contain  paraglobulin  ;  and  (3)  that  ascitic  fluid  does 
coagulate  if  the  liquid  from  a  blood  clot  be  added  to  it,  viz.,  because 
the  fluid  of  the  washed  blood  clot  contains  some  of  the  excess  of  the 
■paraglobulin  present  in  the  blood,  but  absent  in  the  ascitic  fluid. 
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Paraglobulin,  according  to  Schmidt,  up  to  this  period,  was  a  fibrin  fer- 
ment. If  a  fluid  containing  fibrinogen  did  not  coagulate,  its  inability  to 
coagulate  depended  on  the  absence  of  the  fibrin  ferment,  paraglobulin. 
The  next  fact,  however,  clearly  made  out  was  that  in  certain  fluids 
both  fibrinogen  and  paraglobulin  were  present,  and  yet  that  they  would 
not  coagulate  unless  a  little  blood  serum  was  first  added  to  them.  It 
appeared  certain,  therefore,  that  the  fibrin  ferment  was  some  substance 
other  than  either  fibrinogen  or  paraglobulin.  Schmidt  found  that  this 
fibriu  ferment  might  be  dissolved  out  of  the  blood  serum  by  the  pro- 
longed action  of  alcohol,  a  re-agent  which  coagulates  proteid  matters. 
Notwithstanding  that  this  fibrin  ferment  was  proved  not  to  exist  in 
fresh  blood,  a  variety  of  fact  s  connected  the  ferment  with  the  color- 
Jess  blood  corpuscles.  Later  experiments  indicated  that  for  these 
corpuscles  to  act  as  a  ferment  they  must  have  undergone  a  destructive 
or  breaking-down  process  :  in  other  words,  that  fibrin  results  from  the 
action  of  a  fibrin  ferment  (formed  within  the  colorless  blood  cells, 
but  not  set  free  until  the  cells  become  disintegrated)  on  fibrinogen, 
a  proteid  body  present  in  blood  serum. 

The  energy  of  coagulation  seems  to  depend  on  the  amount  of  fibrin 
ferment  present. 

Schmidt  regards  the  presence  of  paraglobulin  (as  well  as  of  fibrino- 
gen) to  be  essential  to  coagulation,  whilst  Buchanan  and  Hammerston 
consider  the  presence  or  absence  of  paraglobulin  to  be  immaterial. 

Dr.  Wooldridge,  whilst  accepting  the  view  that  the  fibrin  ferment  may 
be  derived  from  the  cellular  elements  of  blood,  considers  that  it  may 
also  make  its  appearance  in  a  blood  plasma  that  has  been  freed  from 
cellular,  and,  indeed,  from  all  formed  elements,  in  which  case  it  must 
arise,  he  contends,  from  some  constituent  or  constituents  of  the  plasma 
itself. 

Coagulation  is  influenced  by  a  variety  of  circumstances  : — 
(1.)   The  Origin  of  the  Blood. — Women's  blood  coagulates  more 
rapidly  than  the  blood  of  men,  but  the  clot  is  less  firm.  Embryonic 
blood  coagulates  imperfectly.    Arterial  blood  coagulates  more  rapidly 
than  venous. 

(2.)  A  warmth  above  that  of  the  human  body,  such  as  100°  to 
120°  F.  (37*8°  to  54-0°  C),  promotes  coagulation.  A  higher  temperature 
than  this  retards  it,  whilst  a  temperature  of  200°  F.  (93-3°  C.)  stops 
coagulation  altogether,  even  after  the  blood  has  been  again  cooled. 
Conversely,  a  cold  of  40°  F.  (4*  5°  C.)  entirely  stops  coagulation 
(Davy)  ;  but  the  power  to  coagulate  under  these  circumstances  is  not 
destroyed,  but  takes  place  as  well  as  ever  after  the  normal  temperature 
of  the  blood  has  been  restored. 

(8.)  Motion  retards  coagulation,  but  rest  promotes  it. 

(4.)  The  multiplication  of  points  of  contact  promotes  coagulation. 
Thus  blood  coagulates  more  rapidly  in  a  small,  narrow  vessel  than  in  a 
wide  one.    It  is  customary  to  whip  blood  with  a  bundle  of  twigs  to 
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coagulate  the  fibrin.  Or,  again,  the  blood  coagulates  more  rapidly  in 
the  rough  cavities  of  the  heart  than  in  the  smooth  veins  and  arteries. 
After  somatic  death  the  blood  remains  liquid  for  some  time  in  all  the 
vessels,  except  in  the  heart  and  principal  trunks,  provided  the  vessels 
are  healthy. 

(5.)  Contact  with  Hving  tissue  retards  coagulation,  whilst  contact 
with  foreign  or  dead  tissue  favours  it  (Hunter,  Hewson).  Thus  we 
pass  a  thread  through  an  aneurism  to  form  a  nucleus  for  coagulation, 
and  so  assist  the  cure. 

(6.)  The  addition  of  two  parts  of  water  to  one  of  blood  promotes 
coagulation  (Hunter,  Prater) ,  but  the  admixture  of  a  greater  quantity 
of  water  than  this,  retards  it. 

(7.)  Free  access  of  air  promotes,  whilst  exclusion  of  air  retards 
coagulation. 

(8.)  Coagulation  is  either  retarded,  or  entirely  prevented,  by  the 
presence  of  the  alkaline  hydrates,  carbonates,  and  acetates;  also  by 
dilute  acids  ;  also  by  potassium  or  calcium  nitrates,  by  ammonium  and 
sodium  chlorides,  and  other  neutral  salts,  etc. 

(9.)  Coagulation  is  influenced  by  the  mode  of  death.  Thus  in 
death  by  asphyxia,  where  the  blood  is  imperfectly  aerated,  coagula- 
tion is  retarded.  According  to  Hunter,  the  same  result  occurs  after 
death  from  lightning,  blows  on  the  stomach,  over-exertion,  fits  of 
anger,  etc. 

(10.)  The  consistency  of  the  blood  clot  depends  mainly  on  the 
quantity  of  fibrinogen  present  in  the  blood. 

The  blood  consists,  as  we  have  said,  of  corpuscles  and  serum,  in  the 
following  proportion,  according  to  Schmidt,  per  1,000  parts  :  — 


Man. 

Woman. 

Dog. 

Moiat  corpuscles  . . 

513-02 

396-24 

543-56 

Serum   

486-98 

603-76 

456-44 

II.  The  Blood  Corpuscles. 

The  composition  of  the  blood  corpuscles  has  been  already  stated 
page  805).    These  corpuscles  are  of  two  kinds,  red  and  white. 

1.  The  White  Corpuscles. — These  are  present  in  blood  in  the  propor- 
tion, in  health,  of  1  white  to  400  or  500  red.  This  proportion,  however^ 
is  greatly  influenced  (a.)  by  food,  the  quantity  of  white  corpuscles 
being  decreased  in  number  by  fasting,  but  increasing  half  an  hour 
after  food  has  been  taken,  the  increase  continuing,  on  an  average,  for 
a  period  of  two  hours  ;  and  also  (/3.)  by  disease,  the  quantity  being 
greater  than  normal  in  pneumonia,  tuberculosis,  and  m  ore  especially  in 
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lencocythemia.  (y.)  Moreover,  in  the  blood  of  certain  portions  of  the 
body,  as  in  that  of  the  spleen,  the  relative  proportion  of  white  cor- 
puscles to  red  is  greater  than  in  other  parts. 

The  white  corpuscles  are  circular  and  nearly  spherical.  They  have 
the  power  of  assuming  various  irregular  forms,  known  as  their 
"  amgeboid  movements."    They  are  about  of.  an  inch  in  diameter. 

They  are  specifically  lighter  than  the  red  corpuscles,  and  contain 
neither  fat  nor  haemoglobin. 

2.  The  Red  CorpjscZes.— These  are  red,  circular,  flattened  discs, 
having  an  average  diameter  of  ^^^^  of  an  inch,  and  an  average 
thickness  of  ttt W  ^^^^        i"elatively^  to  the  liquor 

sanguinis,  fewer  in  women's  blood  than  in  men's,  and  in  the  blood  of 
the  old  and  young  of  all  animals  than  in  that  of  the  middle-aged. 
Moreover,  then-  proportions  vary  in  the  blood  of  different  animals  ; 
e.g.,  there  are  relatively  a  greater  number  of  red  corpuscles  in  the  blood 
of  birds  than  in  the  blood  of  carnivorous  and  herbivorous  mammalia, 
whilst  the  proportion  is  smallest  in  the  blood  of  cold-blooded  animals. 
Lastly,  the  proportions  vary  in  the  blood  of  different  vessels.  Thus 
there  are  relatively  fewer  in  arterial  than  in  venous  blood,  fewer  in 
the  portal  vein  than  in  the  jugular,  whilst  they  are  most  abundant  of 
all  in  the  hepatic.    The  quantity,,  moreover,  in  the  blood  is  diminished 
by  want  of  food,  by  repeated  bleedings,  etc.    Diminution  of  red 
corpuscles  has  also  been  noted  in  certain  diseases,  such  as  diarrhoea, 
intermittent  fever,  chlorosis,  affections  of  the  brain,  etc.    The  quantity 
is  increased  by  a  fat  diet,  and  in  such  diseases  as  cholera,  spinal  irrita- 
tion, the  early  stages  of  heart-disease,  general  plethora,  etc. 

Constitution  and  Properties  of  the  Red  Corpuscles.— The  red  corpuscle 
is  a  non-nucleated  body.  It  is  not  a  cell,  in  the  sense  of  a  sac.  It  con- 
sists of  a  tough,  elastic,  transparent  framework,  or  stroma  (that  is, 
not  merely  a  cell-wall),  infiltrated  with  a  fluid  containing  globulin  (an 
albuminous  body),  and  a  red  coloring  matter,  called  haemoglobin.  A 
little  fatty  matter,  iron,  and  other  mineral  constituents  are  also  present. 
The  central  light  or  dark  spot  seen  with  the  microscope  depends  on 
the  unequal  refraction  of  transmitted  light. 

The  red  corpuscles  have  an  average  specific  gravity  of  1-088,  but 
this  is  influenced  materially  by  disease.  In  a  case  of  cholera,  the 
corpuscles  were  found  to  have  a  specific  gravity  of  1*102.  Inasmuch 
as  the  specific  gravity  of  water  is  less  than  that  of  the  fluid  contents 
of  the  corpuscle,  it  follows  that,  when  mixed  with  the  corpuscles,  it  will 
pass  by  osmosis  into  the  cell,  swelling  out,  and  if  the  action  be  allowed 
to  continue  long  enough,  finally  bursting  it. 

We  shall  now  consider  the  chemistry  of  some  of  the  constituents  of 
the  corpuscle. 

1.  Globulin  is  a  substance  similar  in  composition  to,  and  m  its 
properties  closely  resembling,  albumen.    It  is  found  in  large  quantity 
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(10  to  14  per  cent.)  in  the  crystalline  lens,  and  for  this  reason  has 
been  called  crystallin. 

2.  Haemoglobin  (C6ooH9goNi54FeS30i7g)  QicBmato-globuUn ;  hcemato- 
crystallin). — This  is  the  true,  and  only  coloring  matter  of  the  blood  of 
vertebrate  animals.    Its  percentage  composition  is  stated  as — 


Preparation. — (1.)  By  the  action  of  cold  water,  in  which  the  haemo- 
globin is  soluble,  on  the  corpuscles. 

(2.)  If  a  drop  of  blood,  placed  on  a  glass  slide,  be  diluted  with 
water,  alcohol,  or  ether,  and  after  a  short  exposure  to  air  be  covered 
over  with  a  thin  glass  slip,  crystals  of  hsemoglobin  will  be  formed  and 
be  apparent  under  the  microscope.  (Funke.) 

Properties. — Haemoglobin  may  be  obtained  from  blood,  in  a  crystal- 
line form  (Haemato-crystallin  of  Funke). 

The  forms  of  hEsmogoblin  crystals  vary  according  to  the  animal. 
Thus  they  are — 

(a.)  Prismatic,  in  the  blood  of  fish,  in  human  blood,  and  in  the  blood 
of  most  mammals. 

(/3.)  Tetrahedraly  in  the  blood  of  the  rat,  mouse,  and  guinea-pig. 
(y.)  Hexagonal,  in  the  blood  of  the  squirrel. 

The  formation  of  htemoglobin  crystals  is  promoted  by  light,  and  by 
the  chemical  action  of  oxygen  and  carbonic  acid  on  the  corpuscles.  It 
is  specially  to  be  noted  that  the  crystals  are  not  the  result  of  the 
evaporation  of  the  water  of  the  blood,  inasmuch  as  they  are  formed 
more  readily  when  the  blood  is  diluted  with  twice,  than  when  only 
mixed  with  one-half,  its  volume  of  water. 

Haemoglobin  is  soluble  in  cold  water,  but  not  in  hot.  The  pris- 
matic crystals  are  soluble  in  94  parts  of  cold  water,  the  solution 
coagulating  at  147*2°  F.  (64°  C),  while  the  tetrahedral  crystals  are 
soluble  in  600  parts  of  cold  water,  the  solution  coagulating  at 
145*4°  F.  (63°  C).  This  coagulation  consists  not  merely  in  the  coagu- 
lation of  the  albumen,  but  in  the  formation  of  hasmatin.  Hgemoglobin 
decomposes  peroxide  of  hydrogen  like  spongy  platinum.  The  red 
solution  of  haemoglobin  is  decolorized  by  chlorine,  with  the  pre- 
cipitation of  white  flakes  (the  chlorhcematin  of  Mulder),  and  under- 
goes change  to  a  brownish-red  color  by  the  action  of  carbonic  oxide, 
and  to  a  brown  color  by  nitrogen.  It  may  be  said  generally,  that 
whatever  precipitates,  destroys  hEemoglobin.  The  feeblest  acids 
(even  COj)  decompose  it. 

Hasmoglobin  gives  an  absorption  spectrum  of  two  bands  (between  D 
and  E)  in  the  yellow  and  green. 


Carbon 
Hydrogen 
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7*2 
16*0 
21-6 
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Nitrogen 
Oxygen 
Sulphur 
Iron 


0-4  =  100-00 
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The  remarkable  property  possessed  by  haemoglobin  of  combining 
with  and  deUvering  up  oxygen  has  been  already  referred  to  {see 

page  82).  ,  ^.  „ 

Carbonic  oxide  displaces  the  oxygen  of  oxy-h^moglobm  to  form, 
with  the  h£emoglobin,  a  more  stable  compound,  which  resists  reducing 
agents.  Hjemoglobin  also  combines  with  nitric  oxide  to  form  a 
compound  of  even  greater  stability  than  that  it  forms  with  carbonic 
oxide  ;  for  just  as  CO  displaces  O,  so  NO  will  displace  CO. 

It  is  said  that  hydrocyanic  acid  combines  with  haemoglobin,  but  this 
is  doubtful. 

A  body,  intermediate  between  hferaoglobin  and  haematin,  called 
h(ematoidin  (met homo fflobin  or  methamatin)  (Ci4Hi8Ng03,  Robin),  is  said 
to  be  found  in  blood  after  its  extravasation  in  the  tissues  of  living 
animals  ;  also  in  the  brown  fluids  of  hydrocele,ovarian  cysts,  etc. 

Hsematm.  —  By  the  action  of  heat,  of  mineral  and  other  acids, 
of  alkalies,  etc.,  hemoglobin  undergoes  conversion  into  h<smatin 
(hcBmatosin)  [CgsHyoNgFeoOn,  Hoppe].  This  body,  which  contains  12-8 
per  cent,  of  iron  oxide,  was  once  supposed  to  be  a  constituent  and 
the  true  coloring  matter  of  the  red  corpuscles,  but  is  now  proved  to  be 
merely  a  product  of  the  decomposition  of  the  haemoglobin. 

Hjematin  is  an  amorphous,  blackish-brown  substance,  without  taste 
or  odor.  It  is  insoluble  in  water,  alcohol,  ether,  or  acetic  ether.  It  is 
also  insoluble  in  all  oUs,  or  even  in  concentrated  mineral  acids.  It  is 
soluble  in  alcohol  acidulated  with  either  sulphuric  or  hydrochloric 
acid,  and  in  aqueous  or  alcoholic  solutions  of  the  alkalies  or  of  their 
carbonates.  The  brown  acid  alcoholic  solution,  when  treated  with  an 
alkali,  appears  red  by  reflected,  and  green  by  transmitted  light.  It  is 
a  body  easy  of  reduction,  but  very  difficult  of  oxidation.  It  is  de- 
composed by  chlorine,  by  boiling  with  nitric  acid,  etc. 

Hsematin  Chloride;  Teichmann's  JT^mm  Crystals;  Blood  Crystals, 
Preparation.— Bj  acting  on  haemoglobin  with  common  salt  and 
glacial  acetic  acid. 

Properties.— R\xomhiQ  dichroic  crystals,  insoluble  in  water,  alcohol, 
and  ether,  but  soluble  in  acids  and  alkalies.  Acetic  and  hydro- 
chloric acids  are,  however,  the  only  reagents  that  dissolve  it  without 
decomposition. 

III. — The  Liquor  Sanguinis,  or  Plasma. 

The  composition  of  the  liquor  sanguinis  has  been  already  stated 
(page  805).  By  the  term  "serum"  is  meant  the  liquor  sangumis, 
minus  the  proteid  body  which  forms  fibrin. 

Preparation.— It  fresh  uncoagulated  blood  be  mixed  with  common 
salt,  the  corpuscles  will  be  found  to  subside,  and  the  liquor  sanguinis 
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may  be  filtered  off  or  decanted.  Like  blood,  liquor  sanguinis 
coagulates,  and  in  doing  so  follows  much  the  same  course. 

Properties. — In  health,  a  straw-colored,  viscous  fluid,  becoming  in 
certain  diseases,  such  as  icterus  and  pneumonia,  of  an  intensely  yellow 
color.  Its  specific  gravity  varies  from  1-026  to  1-029,  the  average 
being  1  -028.  In  this  respect  it  is  singularly  uniform.  Its  reaction  is 
alkaline,  like  blood,  the  alkalinity  being  due  to  the  presence  of 
carbonate  and  phosphate  of  soda. 

[Note.  —  Serum  is  also  straw-colored,  alkaline,  and  usually 
transparent.  It  becomes  milky  after  a  full  meal,  the  milkiness  being 
due  to  finely  divided  fat,  and  is  most  manifest  after  an  excess  of  fat 
has  been  eaten.    It  coagulates  at  170°  F.  (76-1°  C).] 

1.  Water. — The  quantity  of  water  in  blood  varies.  Thus  there  is 
more  water  in  the  blood  of  women  (especially  during  pregnancy)  than  in 
that  of  men,  and  more  in  those  of  advanced  age  than  in  the  young.  The 
proportion  present  is  influenced  by  disease.  Thus  there  is  a  great 
diminution  in  the  quantity  of  water  in  the  blood  in  cholera. 
Further,  arterial  blood  contains  more  water  than  venous  blood,  whilst  in 
both  venous  and  arterial  blood  the  actual  proportion  of  water  varies 
hourly  with  food,  exercise,  and  atmospheric  changes.  Neverthe- 
less, a  remarkable  uniformity  is  noticeable,  for  that  which  lessens 
the  water  excites  thirst ;  Avhilst,  if  an  excess  of  water  be  added  to  the 
blood,  the  urine  and  perspiration  effect  its  removal. 

2.  Paraglobulin. — The  nature  of  this  body  has  been  already  dis- 
cussed (page  808).  It  is  precipitated  from  serum  by  magnesium 
sulphate. 

3.  Serum  Albumen  (CysHnzNigSOsa).  The  quantity  varies  from 
60  to  70  parts  per  1,000  of  blood.  Its  presence  is  the  cause  of  the 
coagulation  of  the  serum  when  heated  to  75°  C.  It  may  be  obtained  in 
a  soluble  state  by  the  cautious  evaporation  of  the  serum  at  a  tempera- 
ture below  120°  F.  (48-9°  C.)  If  the  serum  be  evaporated  at  a  high 
temperature,  the  albumen  becomes  insoluble  in  water  at  ordinary 
pressure. 

Hoppe  considers  that  the  albumen  is  not  dissolved  in  blood,  but  is 
present  in  a  state  of  fine  subdivision.  Others  believe  it  to  be  present 
as  an  albuminate  of  soda,  whilst  Enderlin  believes  it  to  be  held  in 
solution  by  the  sodium  phosphate.  The  blood  of  women  contains 
more  albumen  than  the  blood  of  men,  whilst  arterial  blood  contains 
less  albumen  than  venous.  The  quantity  of  albumen  in  the  blood  is 
decreased  in  certain  diseases  ;  e.g.,  Bright's  disease,  scurvy,  puerperal 
fever,  etc.,  whilst  it  is  increased  in  cholera,  intermittent  fever,  etc. 

4.  Fibrin. — The  proportion  of  fibrin,  or  of  the  proteid  body  forming 
the  fibrin,  in  blood,  varies  between  2  and  3  parts  per  1,000.  There  is 
said  to  be  more  fibrin  in  arterial  than  in  venous  blood.  The  quantity 
is  usually  increased  in  inflammatory  affections,  such  as  rheumatism, 
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pneumonia,  etc.,  and  decreased  in  anaemic  diseases,  as  typhus,  chlorosis, 
etc.  Its  spontaneous  and  speedy  coagulation  distinguishes  it  from 
all  analogous  substances. 

All  muscular  tissue  consists  of  fibrin.  The  gluten  of  flour  is  often 
called  vegetable  fibrin,  and  bears  a  close  resemblance  to  animal 
fibrin. 

Preparation.— Fihrm  may  be  obtained  from  blood  by  stirring  with 
twigs,  and  afterwards  washing  to  get  rid  of  the  red  corpuscles.  In 
this  condition  the  fibrin  is  white,  stringy,  and  elastic.  To  purify  it, 
the  dried  mass  should  be  powdered,  and  treated  successively  with 
(1)  dilute  hydrochloric  acid,  (2)  alcohol,  and  (3)  ether.  But,  even 
after  this  treatment,  it  always  contains  a  certain  small  quantity  of 
inorganic  salts. 

Fibrin  differs  from  most  proteids  in  that,  when  once  formed,  it  is 
insoluble  in  pure  water,  although  it  has  had  neither  heat  applied  to  it, 
nor  been  acted  upon  by  metallic  salts. 

Fibrin  is  soluble  in  water,  and  also  in  a  solution  of  1  part  per 
1,000  of  HCl  at  40°  C,  when  it  forms  syntonin  or  acid  albumen.  It 
is  also  soluble  in  dilute  ammonia,  in  KHO,  or  NaHO,  at  the  tempera- 
ture of  the  body,  the  solution  being  incapable  of  coagulation  by  heat, 
or  by  the  action  of  metallic  salts. 

Fibrin  decomposes  peroxide  of  hydrogen,  oxygen  being  set  free. 
It  becomes  blue  when  treated  with  tincture  of  guiacum  and  a  solu- 
tion of  peroxide  of  hydrogen,  the  color  being  dependent  on  the 
oxidation  of  the  guiacum  resin  by  the  oxygen  set  free  from  the 

[For  remarks  on  coagulation,  see  page  807.] 

5.  Fatty  Matters. — The  proportion  of  fat  in  blood  is  about  1-6 
parts  in  1,000.  The  quantity,  although  not  increased  beyond  this 
amount  by  a  fat  diet,  suffers  decrease  by  a  want  of  fat  food.  Arterial 
blood  contains  less  fat  than  venous,  and  the  blood  of  the  portal  vein 
more  fat  than  that  of  the  jugular.  The  quantity  of  fat  (and  especially 
of  cholesterin)  is  increased  at  the  commencement  of  every  acute 
disease,  and  also  in  certain  chronic  diseases. 

Most  of  the  fatty  matter  present  in  the  blood  is  in  a  saponified  form. 
It  would  appear  that  the  fats  peculiar  to  various  organs  exist  ready 
formed  in  the  blood,  as  e.ff.  cholesterin  (the  fat  of  bile),  cerebrin  and 
the  phosphorized  fat  of  the  brain,  together  with  oleic,  margaric  and 
stearic  acids,  chiefly  saponified,  but  also  in  a  free  state. 

These  fatty  matters  of  the  blood  not  only  supply  fat  where  it  is 
needed,  but  serve  by  their  oxidation  to  maintain  the  temperature  of  the 
body. 

6.  Extractive  Matter. — By  this  term  we  include  hreatin  and 
kreatinine,  glucose,  urea,  uric  acid,  hippuric  and  lactic  acids,  etc. 
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Alcohol  is  said  to  be  always  present  in  blood  in  minute  quantity. 
It  is  supposed  to  be  formed  by  the  fermentation  of  the  sugar.  (Ford* 
Jahresb.,  1861,  page  792.) 

6.  Mineral  Matters.— The  percentage  composition  of  the  ash  of 
the  serum  may  be  thus  stated  : — 


Sodium  chloride       ...        ...    61*08 

Potassium  chloride   4-08 

Sodium  carbonate  (NagCOg)    28-87 

Hydric  sodium  phosphate  (Na2HP04)      ...  3-19 

Potassium  sulphate   2*78  =  lOO-OO 


The  proportion  of  mineral  ingredients  is  greater  in  the  blood  of 
adults  than  in  that  of  the  young,  and  in  arterial  than  in  venous 
blood.  The  quantity  of  mineral  matter  in  blood  is  influenced  by  diet 
and  by  disease.  There  is  a  larger  quantity  present  in  the  blood  of  the 
cat,  goat,  and  sheep  than  in  the  blood  of  men,  birds,  and  pigs,  whilst 
a  smaller  quantity  is  found  in  the  blood  of  dogs  and  rabbits  than  in 
that  of  other  animals. 

The  iron  (a  never-failing  constituent  of  blood)  belongs  exclusively 
to  the  red  corpuscles. 

[For  many  details  connected  with  blood,  such  as  the  measurements 
of  the  corpuscles,  tests,  etc.,  see  Tidy  and  Woodman's  "Handy 
Book  of  Forensic  Medicine."] 


Chyle  and  Ljrmph. 

Chyle  is  the  fluid  of  the  lacteals,  the  lacteals  being  the  lymphatics 
of  the  intestines.  It  is  transparent  when  taken  from  the  thoracic 
duct  of  a  fasting  animal,  but  of  a  milk-like  appearance  during  diges- 
tion. This  milkiness  is  due  to  the  presence  of  minute  fatty  particles 
termed  '  the  molecular  base  '  of  the  chyle. 

Lymph  is  the  fluid  of  the  lymphatics.  It  is  also  found  in  those 
extra-vascular  spaces  from  which  the  lymphatics  originate.  It  is 
a  clear,  colorless,  faintly  alkaline,  albuminous  liquid,  having  no  fatty 
particles  such  as  are  found  in  suspension  in  chyle. 

Lymph  is,  in  fact,  dilute  liquor  sanguinis,  deprived  of  certain  of  its 
constituents  abstracted  from  it  by  the  various  organs,  and  augmented 
by  other  constituents,  such  as  urea  and  the  effete  products  of  tissue 
metabolism. 

In  both  lymph  and  chyle  the  presence  of  certain  corpuscles,  most  of 
them  being  colorless,  but  a  few  colored,  may  be  seen  under  the 
microscope,  floating  in  a  clear  liquid  {the  lymph  plasma).  Both  are 
alkaline  liquids,  having  a  salt  taste,  and  a  specific  gravity  varying 
from  1-012  to  1-022. 
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Percentage  Composition  of  Lymph  and  Chyle  (Owen  Rees). 


Chyle. 

Lymph. 

Water 

Albumen 

Fibrin 

Animal  extractive  . . 
Fatty  matter 
Salts 

•• 

90-237 
3-516 

0-  370 

1-  565 
3-601 
0-711 

96-536 
1-200 

0-  120 

1-  559 
A  trace 

0-585 

Total   

100-000 

100-000 

We  remark — (1.)  That  lymph  and  chyle  are  substantially  alike, 
except  that  chyle  contains  fat,  and  lymph  none  or  nearly  none.  Their 
composition  varies,  because  the  different  organs  take  what  they 
severally  require  from  the  transuded  fluid,  and  give  back  the  products 
of  their  decomposition.  Hence  lymph  must  differ  in  its  composition 
more  or  less  according  to  situation  and  the  functional  activity  of  the 
organs  contributing  to  it. 

(2.)  Lymph  and  chyle  are  substantially  like  blood,  the  difference 
being  only  one  of  degree.  The  proteids  present  are  fibrinogen,  a  glo- 
bulin, and  serum  albumen.  In  fact,  these  liquids  probably  are  rudi- 
mental  blood,  containing  corpuscles  in  course  of  development  into 
red  corpuscles.  The  difference  between  lymph  and  chyle  and  the 
blood  becomes  less  and  less  as  the  two  former  pass  through  the 
thoracic  duct ;  in  other  words,  as  they  approach  the  place  where 
they  are  to  be  mingled  with  the  blood. 

(3.)  Blood,  lymph,  and  chyle  agree,  in  that  they  contain  fibrin  (the 
quantity  in  lymph  and  chyle  being  about  one  fourth  that  present  in 
blood)  and  coagulate  spontaneously  in  from  three  to  twenty  minutes, 
although  the  clot  formed  from  lymph  and  chyle  is  softer  than  that 
formed  from  blood.  Moreover,  in  this  property  of  spontaneous  coagu- 
lation, these  three  fluids  differ  from  all  other  animal  fluids. 


MHk. 

Milk  is  a  liquid  secreted  by  the  female  mammary  gland  after  partu- 
rition.   Microscopically,  it  consists  of  fat  globules  surrounded  by  an 
albuminous  envelope,  these  fat  cells  having  a  diameter  of  0-0014  in 
and  floating  in  a  perfectly  transparent  liquid. 

3  G 
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Composition  per  \00  j^arts  of  Human  and  Cow's  Milk. 

(Tidy). 


"Woman's  Milk 

Cow's  Milk. 

Max. 

Mm. 

Average. 

Average. 

4-36 

2-97 

o  Oil 

0  d4 

518 

4-45 

4-02 

3-55 

4-43 

3-29 

4-27 

4-70 

0-23 

0-38 

0-28 

0-81 

Total  solids 

14-20 

11-09 

12-09 

12-70 

85-80 

88-91 

87-91 

87-30 

100-00 

100-00 

100-00 

100-00 

Milk  is  a  model  diet.  The  casein  is  its  nitrogenised  constitutent,  the 
fat,  sugar,  and  mineral  ingredients  (the  chief  of  which  is  phosphate  of 
lime)  of  food,  being  duly  represented. 

An  increased  yield  of  milk  in  the  animal  is  promoted  up  to  a  point 
by  an  increase  in  the  quantity  of  albuminous  and  fatty  elements  taken 
as  food,  and  vice  versd.  A  very  fat  diet  increases  the  proportion  of 
all  the  ingredients  and  not  of  the  fat  only. 

Milk  is  a  yellowish,  sweet  liquid.  The  cream  after  a  short  time 
collects  on  the  surface,  the  lower  part  or  "  skimmed  milk  "  (as  it  is 
called)  increasing  at  the  same  time  in  specific  gravity.  If  the  cream 
be  well  agitated  the  albuminous  envelopes  burst,  and  the  fat  globules 
coalesce  to  form  butter.  The  fatty  matter  of  cream  is  chiefly  olein, 
but  it  also  contains  stearin  and  butyrin  (butyrate  of  glycerin). 

The  reaction  of  fresh  milk  is  variously  stated.  It  is  probably 
nearly  neutral  or  very  slightly  alkaline.  After  a  time  the  milk  becomes 
acid  and  then  coagulates.  This  action  is  rapid  if  the  weather  be  warm 
and  the  air  electrical.  It  is  occasioned  by  the  conversion  of  the  milk- 
sugar  into  lactic  acid  under  the  influence  of  the  nitrogenized  body 
casein,  which  acid  effects  the  precipitation  of  the  casein  (lactic  fermen- 
tation). The  precipitated  casein,  containing  the  milk  globules  in 
mechanical  admixture,  constitutes  "  cwxls,'"  the  clear  liquid  being 
known  as  "  whey." 

Normal  milk  contains  no  albumen,  although  colostrum  (that  is,  the 
first  milk  secreted  after  pregnancy)  usually  abounds  in  it. 

Human  milk  has  an  average  specific  gravity  of  1030. 
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C— DIGESTION  AND  THE  FLUIDS  CONCERNED  IN  IT. 
Saliva;  Gastric  Juice ;  Pancreatic  Fluid ;  Bile;  Intestinal  Juice. 

Digestion  is  a  process  of  solution,  i.e.,  of  rinsing  or  drenching  the 
food  with  various  secretions  in  order  to  extract  from  it  the  nutritious 
portions,  and  to  convey  them  into  the  circulation. 

To  carry  out  this  rinsing  process  perfectly,  the  food  is  first,  in  most 
ases,  cooked,  and  then  chewed.  In  this  way  the  more  perfect  admix- 
ture of  the  food  with  the  various  solutive  agents  is  effected. 

The  following  table  represents  the  amount  of  the  digestive  fluids 
said  to  be  secreted  daily,  and  the  proportions  of  their  chief  con- 
stituents : — 


Quantity 
Secreted. 

SoUd 
Matters. 

Active  Principles. 

Saliva  .. 
Gastric  juice  . . 
Pancreatic  fluid 

Bile  _  

Intestinal  mucus 

3-53  lbs. 
14-11  „ 
0-44  „ 
3-53  „ 
0-44  „ 

231  grs. 
2,963  „ 

309  „ 
1,234  „ 
46  „ 

116  grs.  of  ptyalin. 
1,482   ,,  of  pepsin. 

39   ,,  of  pancreatin. 
1,058   ,,  of  organic  ferment. 

28   ,,  „ 

Total 

22-05  lbs. 

4,783  grs. 

2,723  grs.  of  special  solvents. 

Saliva. 

Saliva  is  a  fluid  secreted  by  various  glands,  such  as  the  parotid, 
submaxillary,  sublingual,  etc.  Two  to  three  pints  may  be  taken  as  an 
average  quantity  secreted  during  twenty-four  hours.  The  exact  amount, 
however,  varies  considerably.  The  quantity  secreted  is  decreased  by 
fasting,  and  increased  by  the  stimulus  of  food  in  the  mouth,  or,  indeed, 
by  the  mere  mental  impression  connected  with  the  sight  or  even  the 
thought  of  food. 

Composition  per  \, 000  parts  of  Saliva  (Frerichs). 
Water    994-1 


SoUds 


Organic     ...        ...  3-61 

Inorganic  ...        ...  2*29 


The  organic  constituents  of  saliva  consist  of  an  albuminoid  substance 
called  ptyalin  (irrvu)  to  spit)  (constituting  about  one-fourth  the  total 
solid  matter  of  the  saliva),  together  with  fat,  epithelium,  etc.  The 
ptyalin  is  said  to  be  contained  more  largely  in  the  saliva  secreted  by  the 
submaxillary  than  in  that  of  the  other  salivary  glands.  The  inorganic 
constituents  consist  of  the  phosphates  of  lime,  magnesia,  and  soda  (the 
deposition  of  the  earthy  phosphates  on  the  teeth  by  the  action  of  the 
ammonia  of  the  breath  constituting  what  is  called  "  tartar"),  of  alkaline 

3  G  2 


820 


HANDBOOK  OF  MODERN  CHEMISTRY. 


chlorides,  and  of  a  small  but  an  ever-present  quantity  of  potassium 
sulpho-cyanide,  said  to  be  increased  if  sulphur  be  taken  internally. 

Properties,  ^c. — Saliva  is  a  clear,  feebly  alkaline  fluid.  Its  specific 
gravity  varies  from  1002  to  1009.  The  alkalinity  of  the  secretion 
from  the  parotid  is  said  to  be  more  marked  than  that  from  the  other 
salivary  glands.  During  digestion,  moreover,  the  alkalinity  of  the 
saliva  increases.  In  certain  diseased  conditions  the  saliva  becomes 
distinctly  acid. 

The  action  of  the  saliva  is  twofold  — 

(a.)  As  a  mechanical  agent,  it  acts  as  a  lubricator,  assisting  mastica- 
tion and  deglutition.    In  some  animals  this  is  its  only  function. 

(jS.)  As  a  chemical  agent,  its  action  depends  on  the  presence  of  the 
ferment  body  ^  ptyalin,'  the  insoluble  starch  being  transformed  under 
its  influence,  into  soluble  dextrin  and  glucose.  This  conversion  of 
starch  is  retarded  rather  than  promoted  by  the  gastric  juice.  The 
saliva  may  also,  being  an  alkaline  fluid,  assist  in  emulsifying  the 
fat,  but  has  no  special  action  on  fats  or  proteids.  The  action  of 
saliva  is  hampered  by  the  presence  of  the  concentrated  product  of  its 
own  action  (viz.,  sugar). 

Gastric  Juice. 

The  gastric  juice  is  a  fluid  secreted  from  the  glands  of  the  stomach, 
under  the  influence  of  disturbing  causes,  such  as  the  introduction  of 
food  and  other  mechanical  irritants,  and  more  especially  by  soluble 
irritants,  such  as  salt,  etc.  The  quantity  secreted  in  the  twenty-four 
hours  has  been  variously  stated  at  from  10  to  20  pints. 

Composition  of  Human  Gastric  Juice  per  1,000  parts. 
Water    994'4 

„              .                      - I     Organic  (pepsine)    ...  3*2  flj 

Sohd  constituents ...         o-6     <     ^  ^      .  n.x  M 

{     inorganic      ...  ^  ^  m 

The  salts  present  in  the  gastric  fluid  consist  of  calcium,  sodium,  and 
potassium  chlorides,  together  with  earthy  phosphates. 

The  two  important  constituents  of  the  gastric  fluid  are  the  free  acid 
and  the  pepsin  : —  _  " 

(a.)  As  regards  the  free  acid,  some  investigators  have  maintained 
it  to  be  lactic  acid,  and  others  hydrochloric  acid:  M.  Verneuil  states 
that  he  has  found  both  acids  present  in  a  free  state,  the  hydrochloric 
acid  being  1-7  parts  in  1,000,  and  the  lactic  acid  in  the  proportion  of 
1  part  of  lactic  to  9  parts  of  hydrochloric  acid.  The  quantity  of 
acid  is  increased  by  taking  alcohol,  and  decreased  by  taking  sugar. 
(See  "Med.  Examiner,"  Vol.  i.,  p.  783,  and  Vol.  ii.,  p.  254.) 

The  fact  probably  is,  that  both  acids  are  usually  present,  the  hydro- 
chloric, as  a  rule,  largely  predominating  over  the  lactic  acid.  In  some 
cases,  moreover,  the  presence  of  acetic,  phosphoric,  and  butyric  acids 
has  been  clearly  demonstrated. 
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03.)  Pepsin  is  an  albnminoid  body,  soluble  in  water,  and  insoluble 
in  alcohol.  Its  solution  is  precipitated  by  corrosive  sublimate,  by  solu- 
tions of  tannic  acid  and  of  lead  salts,  and  by  alcohol.  When  a  solution 
of  pepsin  is  boiled,  its  action  as  a  solvent  of  albuminoid  matter  is 
destroyed. 

Properties,  etc.— The  gastric  juice  is  a  clear,  acid,  odorless  fluid, 
miscible  with  water,  and  coagulating  albumen.  It  has  a  specific 
o-ravity  varying  from  lOOO'l  to  1010.  Its  action  is  powerfully  anti- 
septic. Its  solution  does  not  become  turbid  on  boiling.  It  is  without 
action  on  starch  or  on  sugar  when  healthy.  When  unhealthy,  the 
mucus  with  which  it  may  be  associated  may  convert  cane  sugar  into 
grape  sugar.  It  has  no  action  on  fats,  but  the  proteid  envelope  of  the 
fat  is  dissolved  by  it,  whereby  the  fat  is  set  free  from  the  fat  globule. 
Milk  undergoes  curdling  by  the  action  of  the  gastric  juice  ;  in  other 
words,  the  casein  is  precipitated. 

The  action  of  the  gastric  juice  as  a  solvent  of  albuminoid  matters, 
such  as  fibrin,  coagulated  albumen,  etc.,  depends  on  the  joint  pre- 
sence of  the  acid  and  of  the  albuminoid  ferment-body  pepsin.  A 
certain  temperature  (100°  F.),  and  the  perfect  admixture  of  the 
fluid  and  food,  e.g.,  by  mastication,  by  the  muscular  action  of  the 
stomach,  etc.,  are  also  necessary  conditions.  Thus,  after  a  time  vary- 
ing from  two  to  six  hours,  complete  chymification  of  the  food  is 
ejSected,  the  fibrinous  and  albuminous  constituents  being  converted 
into  different  peptmes  or  soluble  forms  of  albumen,  such  as  albumino- 
peptones,  fibrino-peptones,  gelatino-peptones,  etc.,  all  of  which  differ 
from  common  albumen,  besides  their  solubility,  in  being  uncoagulable 
by  heat,  acid,  or  spirit.  They  differ,  further,  from  albumen  in  their 
capability  of  being  dialysed  (albuminose  of  Mialhe).  The  composition 
of  the  chyme  depends,  of  course,  largely  on  the  food,  but  it  has  the 
general  appearance  of  a  thick  fluid,  and  consists  of  a  solid,  undigested 
portion,  suspended  in  a  liquid  of  a  more  or  less  yellow  color,  and  of 
a  more  or  less  disagreeable  odor. 

The  Pancreatic  Fluid. 

This  fluid,  which  in  many  respects  is  like  the  saliva  (although  unlike 
it  in  containing  no  sulphocyanide),  is  the  secretion  of  the  pancreas,  a 
gland  closely  resembling  the  salivary  glands. 

Composition  of  Pancreatic  Fluid  per  1,000  parts  (Schmidt). 
Water     ...       ...  980-45 

<^  TO  r-     (     Organic  (pancreatin)  ...  12-71 

S^l^'i^    19-50    {     iJrganic        ...  6-84 

Properties. — A  colorless  fluid.  Specific  gravity,  1008  to  1009.  Its 
reaction  is  usually  stated  as  alkaline,  but  this,  so  far  as  the  fresh 
fluid  is  concerned,  is  doubtful.    Its  action  depends  on  the  presence 
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of  an  organic  principle,  called  pancreatin,  an  albuminoid  ferment,  con- 
stituting two-thirds  of  the  total  solids  of  the  pancreatic  fluid.  Its 
action  is  two-fold  :  (1 .)  it  emulsifies  fat,  converting  it  into  a  milky 
liquid,  thereby  rendering  it  capable  of  absorption  by  the  lacteals;  and 
(2.)  it  converts  starch  into  glucose,  thereby  effecting  its  solution 
(Dobell.) 

The  Bile. 

The  bile  is  the  fluid  secreted  from  venous  blood  by  the  cells  of  the 
liver. 


Water 


Solids 


Average  Composition  per  1,000  parts  (Frerichs). 
...  859-2 

Biliary  acids  combined  with  alkalies 

(Bilin)   

Fat    ...       ...       ...  ... 

Cholesterin  ... 
Mucus  and  coloring  matters 

Sd'li^S      •••  .••  .a*  •«• 


140-8  ( 


91-5 
9-2 
2-6 

29-8 
7-7 


The  quantity  of  solid  matter  is  greater  in  the  bile  of  the  young 
than  in  that  of  the  old.  It  is  present  in  excess  in  such  diseases  as 
cholera,  heart-disease  impeding  the  circulation,  etc.,  whilst  it  is 
deficient  in  severe  inflammations,  diabetes,  etc. 

Bile  consists  essentially  of  (1)  a  resinoid  matter,  and  (2)  one  or 
more  coloring  bodies. 

(1.)  Resinoid  matter  (bilin).  This  consists  of  the  soda  or  potash 
salts  of  two,  or  of  one  of  two,  acids,  one  of  which  contains  sulphur 
and  the  other  none — 

(a.)  Salts  of  taurocholic  acid  (C2SH45NSO7),  which,  by  the  action  of 
alkalies,  form  taurine  (C2H7NSO3)  together  with  a  non-nitrogenous 
acid,  called  cholic  acid  (C24H40O5).    Thus  : — 

C26H45NSO7     +     H2O     =  C2H7NSO3  +  C24H40O5. 
Taurocholic  acid      +     "Water     =       Taurine       -f-     Cholic  acid. 

Taurine  may  be  prepared  artificially  by  passing  olefiant  gas  over 
sulphuric  anhydride,  neutralising  the  product  dissolved  in  water  with 
ammonia,  evaporating  to  dryness,  and  heating  the  residue  (isethionate 
of  ammonia,  NH3.H2O.C2H4SO3),  so  as  to  expel  a  molecule  of  water. 

(/3.)  Salts  of  glycocholic  acid  (C2sH43NOg),  which,  by  the  action  of 
alkalies,  form  glycocine  (CgHgNOg)  and  cholic  add  (C24H40O5). 
Thus  :— 

C26H43NO6      +     H2O      =  C2HgN02  -t-  C24H40O5. 
Glycocholic  acid     -f-     "Water       =      Glycocine     -f-     Cholic  acid. 

[Glycocholic  acid  gives,  on  the  addition  of  sugar  and  H2SO4,  a 
purple  red  (Pettenkofer's  test  for  bile).] 

In  the  dog,  sodium  taurocholate  only  is  present ;  in  the  pig,  sodium 
glycocholate  only  is  present ;  in  man,  sheep,  etc.,  the  taurocholates  are 
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in  excess  over  the  glycocholates  ;  whilst  in  the  ox  and  in  most  fish, 
the  glycocholates  are  in  excess  over  the  taurocholates. 

Pig's  bile  also  contains  hyocholic  acid  (C£4H4q04),  and  goose  bile 
chenotaurocholic  acid  (C29H4gNS06). 

(2.)  The  coloring  matter  of  the  bile  is  termed  cholochrome.  This  is 
a  mixture  of  a  green  pigment,  insoluble  in  chloroform,  called  hiliverdin 
(CigH^oNgOs),  and  a  brown  pigment,  soluble  in  chloroform,  called 
cholopkcein.  Of  this  latter  there  are  two  modifications  ;  viz.,  the  red 
bilirubin  (CgHgNOg),  and  the  brown  hiliphcein. 

A  blue  coloring  matter  has  also  been  described. 

Properties. — Bile  is  a  viscid,  greenish-yellow,  bitter  fluid,  without 
odor  when  fresh,  but  very  offensive  after  it  has  become  putrid.  It 
has  a  specific  gravity  of  1020.  It  does  not  readily  mix  with 
water. 

Its  reaction  is  slightly  alkaline.  It  putrefies  rapidly,  becoming  acid, 
owing  to  the  presence  of  mucus  derived  from  the  gall-bladder,  hepatic 
ducts,  etc. 

The  actiou  of  the  bile  is  involved  in  much  obscurity.  It  does  not 
convert  starch  into  sugar  like  the  saliva  and  pancreatic  fluid  (doubted 
by  Wittich)  ;  it  does  not  dissolve  fibrin  like  the  gastric  juice  ;  it 
does  not  emulsify  fat,  or  at  any  rate  to  the  same  extent,  as  the  secre- 
tion from  the  pancreas.  Some  regard  the  function  of  the  bile  as  the 
medium,  by  direct  excretion,  for  the  separation  of  an  excess  of  carbon 
and  hydrogen  from  the  blood,  thereby  effecting  its  purification.  This 
is  manifestly  its  purpose  in  intra-uterine  life.  Nevertheless,  that  it  is 
more  than  a  mere  excrementitious  fluid,  and  plays  an  actual  part  in 
digestion,  there  can  be  but  little  doubt.  Some  have  suggested  that  its 
function  is  to  emulsify  fat ;  others,  that  it  assists  the  absorption  of  fat 
by  moistening  the  intestinal  mucous  membrane  ;  others,  that  it 
neutralises  the  acid  peptones  from  the  stomach  ;  others,  that  its 
antiseptic  power  prevents  the  decomposition  of  the  food  as  it  passes 
through  the  bowels  ;  others,  that  it  acts  as  a  natural  purgative  by  its 
stimulating  effect  on  the  intestines.  As  yet,  however,  our  knowledge 
of  the  bile  and  its  action  is  very  imperfect. 

Gall-stones  consist  sometimes  of  cholochrome  held  together  by 
mucus  {oriental  bezoar  stones).  Most  often  they  are  formed  of  chole- 
sterin  around  a  nucleus  of  cholochrome.  Moreover,  they  usually  con- 
tain a  certain  proportion  of  earthy  carbonates  and  phosphates. 

The  Intestinal  Juice. 

The  fluid  secreted  along  the  whole  course  of  the  small  intestines  has 
an  alkaline  reaction,  and  contains  3  to  4  per  cent,  of  solid  matter.  It 
has  a  powerful  action  in  assisting  digestion,  combining  the  activity  and 
digestive  power  of  all  the  other  secretions.  Starch,  fat,  and  albu- 
minous substances  are  thus  equally  affected  by  it. 


824 


HANDBOOK  OP  MODERN  CHEMISTRY. 


D.— EXCREMENTITIOUS  PRODUCTS. 
Urine;  Urinary  Calculi;  Faces;  Sweat;  Mucus;  Pus. 

Urine. 

The  urine  in  ail  animals  is  the  vehicle  through  and  by  which  the 
body  rids  itself  of  used-up  solid  matter,  and  of  the  excess  of  water 
present  in  the  blood.  It  is,  in  short,  the  great  outlet  for  the  nitrogen 
of  effete  tissue. 

About  60  ozs.  may  be  taken  as  the  average  quantity  of  urine 
secreted  by  an  adult  male  in  24  hours,  but  this  is  subject  to  great 
variation,  depending  on  such  causes  as  the  quantity  of  fluid  taken,  the 
season  of  the  year,  and  the  relative  activity  of  the  skin,  lungs,  and 
alimentary  canal. 

Average  Composition  of  Normal  Urine,  and  average  Quantity/  of  the  various 
Constituents  excreted  in  24  hours. 

Constituents  per  Average  quantity  excreted 

1,000  parts.  in  24  hours  (adult  male). 

"^ater                                     967-000  ..  52-0  ozs. 

I^rea                                          14-230  ..  512-4  grains. 

Uric  Acid                                     0-468  ..  8-5  „ 

Extractives,  Pigment,  Mucus         10-167  ..  161-0 

Sal's                                           8-135  ..  425-0 

Silica . .       . ,       . ,       . .         traces.  . .  traces. 


100-000 


(1.)  The  composition  and  character  of  the  urine  of  different  animals 
varies.  Thus,  in  the  carnivora,  the  urine  is  usually  clear  and  acid,  con- 
taining much  urea,  and  but  little  uric  acid.  In  the  herbivora,  it  is  usually 
turbid  and  alkaline,  containing  urea,  like  that  of  the  carnivora,  together 
with  a  great  excess  of  hippuric  acid,  but  no  uric  acid  ;  it  also  contains 
an  abundance  of  the  earthy  carbonates  (hence  its  turbidity),  and  but 
very  little  of  the  earthy  phosphates,  these  latter  being  proportionately 
abundant  in  the  fseces. 

Cm  'nivorous  birds  excrete  urea  in  comparatively  small  quantity,  and 
uric  acid  in  abundance,  granivorous  birds  excreting  uric  acid  in  abun- 
dance, but  no  urea.  Serpents  and  other  land  carnivorous  reptiles  secrete 
uric  acid  almost  entirely,  whilst  frogs  and  other  amjjhibious  reptiles 
secrete  urea,  and  mere  traces  only  of  uric  acid.  Even  the  insecta 
excrete  uric  acid. 

Thus  it  would  seem  that  in  the  animals  that  drink  freely,  the 
nitrogen  is  excreted  as  urea,  whilst  in  those  that  drink  but  little,  it  is 
excreted  as  uric  acid.  It  must  be  noted,  however,  that  these 
differences  are  for  the  most  part  differences  of  diet.  For  if  a  car- 
nivorous animal  (as  a  dog)  be  fed  on  a  purely  vegetable  diet,  or  if  a 
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orbivorous  animal  (as  a  rabbit)  be  fed  on  a  purely  animal  diet,  a  cor- 
•sponding  change  in  the  composition  of  the  urine  results. 

(2.)  The  composition  of  the  urine  varies  greatly  in  disease.  Thus 
lie  quantity  of  uric  acid  is  increased  in  gout,  etc.  Albumen  occurs  in 
hight's  disease,  etc.  ;  sugar  in  diabetes,  etc. 

(3.)  The  composition  varies  hour  by  hour.  The  morning  urine 
■nina  sanguinis)  consists  chiefly  of  the  products  of  tissue  decomposi- 
on.  Hence,  the  choice  of  this  by  the  physician  for  analysis.  The 
ay  and  the  evening  urine  is  greatly  influenced  by  the  quantity  and 
he  character  of  the  food  ingested  {urina  cibi  and  urina  potus). 

And  here  may  be  noted  the  changes  that  bodies  undergo  from  the 
)eriod  of  ingestion  to  that  of  urinary  excretion — 

(a.)  The  kidneys  secrete  certain  bodies  from  the  blood  in  an 
naltered  state,  e.g.,  many  metals  (such  as  As,  Sb,  Bi,  Cu,  Cr,  Au,  Fe, 
A,  Pb,  Hg,  Ag,  Sn,  Zn),  free  organic  acids,  alcohol  (?),  numerous 
alts,  many  of  the  alkaloids,  such  as  morphia,  strychnia,  atropine,  etc. 

(/3.)  In  other  cases,  the  products  secreted  are  oxidized  products,  or 
ire  otherwise  changed.  Thus,  ammonia  salts  are  converted  into 
litrates  ;  sulphur,  alkaline  sulphides  and  sulphites,  become  sulphates  ; 
annic  becomes  gallic  acid,  etc.  Or,  again,  the  neutral  salts  of 
organic  acids  become  carbonates  ;  free  iodine  is  excreted  as  an  alka- 
ine  iodide  ;  ferrocyanides  become  ferricyanides  ;  indigo  blue  becomes 
ndigo  white  ;  benzoic,  cinnamic,  and  other  acids  become  hippuric 
xcid,  etc. 

Properties. — (a.)  Physical.  A  clear  fluid  of  a  yellow  color,  which, 
however,  may  vary  even  in  health  from  an  absence  of  tint  to  a  deep 
orange  hue.  In  its  specific  gravity,  variations  occur  in  health  ranging 
from  1015  to  1025  (the  average  being  1020),  depending  on  the  season 
of  the  year,  diet,  exercise,  etc.  In  disease  the  variation  of  specific 
gravity  may  be  much  greater,  being  sometimes  as  low  as  1004,  as  in 
albuminuria,  or  as  high  as  1060,  as  in  diabetes.  Of  its  relative  clear- 
ness it  is  to  be  noted  that  in  health  the  urine  often  becomes  turbid 
on  cooling,  due  to  the  deposition  of  phosphates.  The  cause  of  its 
peculiar  odor  has  not  been  well  made  out.  The  odoriferous  prin- 
ciple, whatever  it  may  be,  undergoes  speedy  change. 

(/3.)  Chemical.  Healthy  urine  is  generally  acid.  The  acidity  of  the 
60  oz.  voided  in  the  24  hours  may  be  taken  as  equivalent  to  about 
the  acidity  of  30  grains  of  oxalic  acid.  This  acidity,  which  is 
least  during  digestion  (indeed,  after  a  meal  the  urine  may  even  exhibit 
an  alkaline  reaction)  and  most  marked  during  fasting,  is  due  to  the 
acid  phosphate  of  sodium,  and,  according  to  some  observers,  to  certain 
free  acids,  such  as  lactic  acid  (?). 

After  a  certain  very  variable  period,  the  urine  becomes  alkaline. 
This  alkalinity  is  due  to  the  urea  becoming  converted  into  carbonate 
of  ammonia,  crystals  of  triple  phosphate,  confervoid  growths, 
and   vibriones    appearing    simultaneously   in    the   urine.  Indeed, 
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this  change  may  be  so  rapid  that  under  certain  morbid  conditions, 
as  in  cases  of  retention,  it  takes  place  in  the  bladder  itself,  the 
urine  appearing  turbid  and  alkaline  when  voided.  The  urine  may 
however,  under  certain  other  conditions,  be  alkaline  when  secreted. 
This  occurs  when  neutral  alkaline  salts  of  the  vegetable  acids  have 
been  administered  in  excess,  the  acid  being  destroyed  in  the  process 
of  respiration,  whilst  the  alkali  appears  in  the  urine  as  a  carbonate. 
We  now  consider  in  detail  the  various  constituents  of  the  urine  :  

1.  Water. — This  varies  according  to  season,  exercise,  drink,  con- 
dition of  nervous  system,  etc.  Thus  it  is  increased  in  diabetes 
(especially  in  D.  insipidus),  and  decreased  in  albuminuria,  in  febrile 
affections,  and  in  any  disease  increasing  the  secretion  of  water  by 
other  channels. 

2.  Urea—Carbamide  [CH^NaO,  or  COCNHg).?],  (see  page  514).— 
Urea  constitutes  nearly  one-half  of  the  total  solid  matter  of  the  urine. 
It  is  the  principal  outlet  for  the  effete  or  excessive  nitrogen  of 
the  system.  The  quantity  excreted  is  greatest  with  an  animal  diet,  and 
least  with  a  vegetable,  greater  in  males  than  in  females,  and  greater  in 
middle  age  than  in  youth  or  old  age. 

Constitution. — The  molecular  formula  for  urea  is  CH4N2O.  It  is 
commonly  regarded  as  the  amide  of  carbonic  acid— that  is,  just  as 
oxamide  (C2H4N0O2)  is  derived  from  ammonic  oxalate  [(NH4)2C204] 
by  the  abstraction  of  two  water  molecules,  so  urea  (CH4N2O)  is  derived 
from  ammonic  carbonate  [(NH4)2C03]. 

Preparation. —  (A.)  Preparation  from  urine.  (1.)  Evaporate  the 
urine  to  a  syrup,  and  mix  the  concentrated  liquid  with  an  equal  bulk 
of  nitric  acid.  In  this  way  a  quantity  of  nitrate  of  urea  will  be 
formed  (CO(NH2)2HN03).  Dissolve  this  compound  in  boiling  water, 
and  treat  the  solution  with  barium  carbonate,  when  pure  urea  remains 
in  solution.    Thus — 

2(CO(NHj)jHN03)   +  BaCOj   =^  GO{^B.^)^  +   Ba(N0,)2   +     CO^     +  fl,0. 
Nitrate  of  m-ea     +     Barium  =      Urea     -f      Barium   ■\-  Carbonic  -f  Water. 

carbonate  nitrate  anhydride 

The  clear  filtrate  is  then  to  be  evaporated  to  dryness,  and  the  urea 
separated  from  the  barium  nitrate  by  hot  alcohol. 

(2.)  It  may  also  be  prepared  by  forming  an  oxalate  of  urea  by  the 
action  of  oxalic  acid  on  the  concentrated  urine.  On  adding  chalk  to  a 
solution  of  this  oxalate  in  boiling  water,  calcium  oxalate  is  precipitated, 
and  a  solution  of  urea  formed,  which  may  be  purified  by  crystallization. 

(B.)  By  the  action  of  heat  on  ammonic  cyanate. 

(C.)  By  the  decomposition  of  ammonium  carbamate. 

(D.)  Urea  was  the  first  organic  body  prepared  artificially,  as  follows: 
A  mixture  of  potassium  ferrocyauide  (56  parts)  and  manganic  peroxide 
(28  parts)  is  heated  to  redness,  when  the  following  changes  occur  : — 
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K^FeCy«    +      Oq    =  4KCyO    +    200^    +    N2    +  FeO 
Potassic      +    Oxygen  =     Potassic      +    Carbonic   +  Nitrogen+  Ferrous 
ferrocyanide  cyanaie  anhydride  oxide. 

The  residue  is  now  treated  with  cold  water,  and  the  clear  filtrate 
containing  the  potassic  cyanate  is  mixed  with  amnionic  sulphate  (41 
parts).  The  solution  is  then  evaporated  to  dryness,  and  the  urea 
separated  from  the  potassic  sulphate  by  solution  in  hot  alcohol  :— 

2KCyO    +    (NH4)oS04    =  +  2CO(NH2)2 

Potassic      +       Amnionic        =     Potassic     +  Urea, 
cj  anate  sulphate  sulphate 

Properties.— A  colorless,  inodorous  body,  crystallizing  in  long  flat- 
tened prisms.    It  is  soluble  in  spirit  (1  in  5  at  50°  F.),  and  very 
soluble  in  water  (1  in  1  at  60°  F.),  the  solution  being  neutral  and  per- 
manent.  Its  rapid  decomposition  in  the  urine  into  ammonic  carbonate 
(to  which  the  ammoniacal  odor  of  putrid  urine  is  due)  depends  on  the 
mucus  present  in  the  urine.     When  heated  it  melts,  and  finally 
decomposes,  evolving  ammonia  and  ammonic  cyanate,  and  leaving  a 
residue  of  cyanuric  acid.    It  forms  salts  with  acids,  such  as  the  nitrate 
of  urea  [C0(NH2)2-HN03],  an  important  compound,  an  account  of  its 
difficult   solubility  in  nitric  acid.     When  boiled  with  solutions  of 
caustic  alkalies  (cold  solutions  being  without  action  upon  it),  it  is 
resolved  into  ammonia  and  an  alkaUne  carbonate — a  similar  result 
occurring  when   urea  is  fused  with   alkaline  hydrates,  or  heated 
with  water  in  a  sealed  tube.    It  combines  with  metalHc  oxides  ;  thus 
the  compound  CO(NH2)o,2HgO  is  produced  when  mercuric  oxide  is 
added  to  a  solution  of  urea  in  a  potassic  hydrate  solution.    Urea  is 
decomposed  by  nitrous  acid  and  by  chlorine. 

Compound  ureas  are  formed  by  the  replacement  of  the  hydrogen  of 
the  urea  by  hydrocarbon  groups.  In  sulpho-urea,  sulphur  takes  the 
place  of  oxygen  [CS(NH2)2]. 

3.  Uric  Acid;  LHhic  Add  (C5N4H4O3).— This  is  present  in  the 
urine  in  combination  with  soda  and  ammonia,  and  is  probably  derived 
from  the  disintegrated  elements  of  albuminous  tissues.  The  salts  of 
uric  acid,  being  more  soluble  in  warm  than  in  cold  water,  are  frequently 
deposited  as  the  urine  cools.  This  specially  results  in  certain  deranged 
states  of  the  constitution,  where  an  excess  of  uric  acid  is  present. 

The  quantity  of  uric  acid  in  human  urine  is  increased  by  an  animal 
diet  and  decreased  by  a  vegetable  diet.  It  is  increased  in  certain 
diseased  conditions.  It  varies  greatly  in  diiferent  animals.  In  the 
feline  tribe,  uric  acid  is  often  entirely  replaced  by  urea.  In  birds  and 
serpents,  the  urea  is  often  entirely  replaced  by  uric  acid.  This  suggests 
the  notion  that  although  urea  and  uric  acid  may  have  a  difEerent 
origin  and  different  offices,  nevertheless  that  the  one  may  do  the 
work  of  the  other. 

Urate  of  soda  constitutes  the  chief  constituent  of  the  gouty  concre- 
tions known  as  **  chalk-stones.'''' 
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Preparation. — A.  From  urine. — By  adding  HCl  to  the  concentrated 
urine.    The  uric  acid  is  precipitated  in  the  form  of  hard  red  grains. 

B. — From  the  excrement  of  serpents. — This  consists  mainly  of  an 
acid  ammonium  urate.  Dissolve  the  excrement  in  a  boiling  solution 
of  potassic  hydrate  ;  filter,  and  add  hydrochloric  acid  to  the  filtrate, 
when  the  uric  acid  is  precipitated  as  a  white  crystalline  powder. 
"  Guano  "  is  an  impure  uric  acid,  formed  by  the  partial  decomposition 
of  the  excrement  of  sea  birds. 

Properties. — Uric  acid  is  a  tasteless,  inodorous,  and  sparingly  soluble 
body  (1  in  10,000).  It  is  insoluble  in  alcohol  or  in  ether,  but  is  soluble 
in  strong  sulphuric  acid.  When  heated  in  a  retort,  a  black  residue 
remains,  cyanic  acid,  hydrocyanic  acid,  carbonic  anhydride,  and  am- 
monium carbonate  being  evolved. 

Uric  acid  is  a  dibasic  acid.  Fused  with  an  alkaline  hydrate,  it 
yields  an  alkaline  carbonate,  cyanate  and  cyanide.  Mixed  with  nitric 
acid,  it  eflPervesces.  If  the  resulting  acid  solution  be  evaporated  nearly 
to  dryness,  and  after  dilution  be  mixed  with  a  slight  excess  of  am- 
monia, the  characteristic  deep  red  tint  of  mxirexide  (CgNgHsOg)  is  imme- 
diately produced. 

With  hydriodic  acid  and  heat,  uric  acid  is  resolved  into  glycocin, 
carbonic  anhydride,  and  ammonia. 

Some  Products  of  the  Oxidation  of  Uric  Acid. 


Name. 


Allantoin 


Alloxan  . , 


Alloxantin 


Formulse. 


C,NjH,0,4aq 


CgN^H^O^Saq 


Preparation  and  Properties. 


Preparation. — (1.)  From  the  allantoic  fluid  of  foetal  calf .  (2.)  By 
boiling  uric  acid  with,  water  and  peroxide  of  lead. 

Properties. — Transparent  colorless  crystals  ;  soluble  in  160  parts 
of  cold  water.  Decomposed  by  boiling  with  mineral  acids  and 
caustic  alkalies. 

Preparation. — By  the  action  of  strong  nitric  acid  on  uric  acid  in 
the  cold. 

Properties. — White  crystals ;  very  soluble  in  water;  crystals  be- 
come anhydrous  at  150°  C.  Solution  acid,  and  stains  the  skin 
red.  Decomposed  by  both  oxidizing  and  reducing  agents.  Forms 
a  deep  blue  compound  when  acted  on  with  an  alkali  and  a 
ferrous  salt.  Alloxan  appears  to  be  the  intermediate  stage  in 
the  conversion,  by  oxidation,  of  uric  acid  into  urea.  "When 
alloxan  is  boiled  with  peroxide  of  lead,  urea  is  formed — 
(C,N,HaO,+2Pb02+Hj,0  =  CH,N,0  +  3COj+2PbO). 
Alloxan  forms  alloxantin  by  the  action  of  sulphuretted  hydi'Ogen. 

Preparation. — (1.)  By  the  action  of  hot  dilute  nitric  acid  on  uric 
acid.    (2.)  By  the  action  of  reducing  agents  (as  H,S)  on  alloxan. 

Properties. — Colorless  crystals.  Soluble  with  difficulty  in  cold 
water,  more  soluble  in  hot.  Becomes  anhydrous  at  150°  C. 
Solution  acid.  Gives  a  violet  precipitate  with  baryta  water,  and 
a  black  precipitate  with  AgNOj— Converted  by  oxidizing  agents 
into  alloxan.  Boiled  in  water  with  peroxide  of  lead,  it  forms 
urea  and  plumbic  carbonate.  Decomposed  by  the  prolonged 
action  of  Hj8  into  dialuric  acid. 


HIPPURIC  ACID. 
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Formulffi. 


Uoxanic 
acid 


esoxalic 
acid 


iratanic 
acid 


Qionuric 
acid 


C,N,H,S06 


amil 


lurexide 
urp  urate 
ammo- 
nia) 


Dial  uric 
acid 

)xaluric 
acid 


CAH3O. 


Preparation  and  Properties. 


Preparation. — By  the  action  of  baryta  water  on  a  solution  of 
alloxan.    The  Ba  is  to  be  separated  by  H^SO^. 

Properties. — A  crystalline  bi basic  acid.  The  solution  is  acid,  and 
decomposes  carbonates.  It  dissolves  Zn  with  the  disengage- 
ment of  hydrogen.  The  silver  alloxanate  is  insoluble.  OnboU- 
ing  in  water  alloxanic  acid  forms  iirea  and  meaoxalic  acid 
(C303(0H),). 

Preparation. — (1.)  By  heating  a  solution  of  banc  alloxanate  to 
boiling.  (2.)  By  adding  a  solution  of  alloxan  to  lead  acetate, 
and  decomposing  the  leid  mesoxalate  with  H„S.  Urea  is  formed 
at  the  same  time. 

Properties. — A  crystalline  acid.  It  resists  heat.  The  silver  mes- 
oxalate is  insoluble. 

Preparation. — By  the  action  of  moderately  strong  nitric  acid  on 
uric  acid  or  on  alloxan,  with  the  aid  of  heat. 

Properties. — A  crystalline  acid.  The  solution  neutralised  with  am- 
monia and  boiled,  yields  an  ammonium  salt  of  oxaluric  acid. 

Preparation. — By  the  action  of  a  sulphurous  acid  solution  on  a  cold 
solution  of  alloxan,  and  afterwards  boiling  the  mixture  with 
ammonia  and  ammonic  carbonate.  The  ammonic  thionurate 
formed  is  to  be  converted  into  a  lead  salt,  which  is  then  decom- 
posed with  sulphuretted  hydrogen. 

Properties. — By  boiling  the  solution  it  is  resolved  into  sulphuric 
acid  and  uramil. 

Preparation.— By  boiling  a  solution  of  ammonic  thionurate  with  a 

slight  excess  of  hydrochloric  acid. 
Properties. — A  white  crystalline  body.    Its  ammoniacal  solution 

turns  purple  in  air.    It  is  decomposed  into  alloxan  and  ammonic 

nitrate  by  nitric  acid. 
Preparation. — (1.)  By  heating  dry  alloxantin  with  ammonia.  (2.) 

By  boiling  uramil  and  mercuric  oxide  in  a  weak  solution  of 

ammonia. 

Properties.— The  crystals  appear  green  by  reflected,  and  purple  red 
by  transmitted  light.  It  is  insoluble  in  alcohol  and  ether.  It  is 
soluble  in  hot,  but  not  very  soluble  in  cold  water.  It  is  decom- 
posed by  mineral  acids,  a  white  body  (murexan)  being  precipi- 
tated. It  is  soluble  in  KHO,  the  solution  being  purple  red,  and 
disappearing  on  boiling. 

Preparation. — By  the  long  continued  action  of  H^S  on  a  boiling 
solution  of  alloxan.  It  is  the  final  product  of  the  action  of 
reducing  agents  on  alloxan. 


4.  Hippuric  Acid  (C9H9NO3)  ;  Benzamidacetic  acid  (C2H3[NH 
(C7H50)]02)  ;  Benzoyl  ghjcocoll  (C2H4(C7H50)N02).— This  acid  is 
found  in  large  quantities  in  the  urine  of  herbivorous  animals,  but  it 
also  occurs  in  small  quantities  in  the  urine  of  man.  It  is  derived  partly 
from  certain  constituents  of  vegetable  diet,  and  partly  from  the  natural 
disintegration  of  tissue. 

The  relationship  between  hippuric  acid  and  benzoic  acid  should 
be  noted.  The  urine  of  a  cow  or  horse  at  rest  yields,  by  the 
I  action  of  hydrochloric  acid,  hippuric  acid  ;  but  if  the  animals  are  being 
actively  worked,  their  urine  yields  benzoic  acid,  and  not  hippuric  acid. 
Moreover,  the  fresh  urine  only  yields  hippuric  acid,  the  same  urine 
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when  Stale  yielding  benzoic  acid.  If  benzoic  acid  be  administered  to 
an  animal,  hippuric  acid  is  found  in  the  urine. 

The  urine  of  children  is  said  sometimes  to  contain  benzoic  acid. 

Preparation. — (1.)  Evaporate  cows'  urine  to  a  thick  syrup,  and  add 
to  the  concentrated  urine  an  excess  of  hydrochloric  acid.  Hippuric 
acid  will  be  deposited  on  standing. 

(2.)  By  the  action  of  benzoyl  chloride  on  zinc  glycocoll  :  

Zn"(C2H4NO„)2    +    2C7H5OCI    =    ZnCl^    +  2C9H9NO,. 
Ziac  glycocoll         +        Benzoyl        =      Zincic      +  Hippuric 

chloride  chloride  acid. 

Properties.— R\iomh\(i  prisms  soluble  in  hot  alcohol  and  in  cold 
water  (1  in  400).  Solution  acid.  Forms  crystallizable  salts.  The 
acid  is  monobasic.  When  heated  it  yields  benzoic  acid,  benzoate  of 
ammonia  and  benzonitrile,  a  black  residue  remaining  in  the  vessel.  It 
is  converted  into  benzoic  acid  by  sulphuric  acid,  and  into  benzoic  acid 
and  glycocine  (C2H5NO2)  by  hydrochloric  acid.  Nitrous  acid  converts 
it  into  benzoglycollic  acid  (CgHsO^)  which  by  the  action  of  boiling 
water  is  converted  into  benzoic  (CyHsOg)  and  glycollic  acids  (C2H4O.,). 

It  is  to  be  remarked  that  hippuric  acid  is  soluble  in  an  aqueous 
solution  of  sodic  phosphate,  which  probably  explains  the  acid  reaction 
of  the  urine. 

5.  Salts. — These  consist  essentially  of  sulphuric,  phosphoric,  and 
hydrochloric  acids  combined  with  soda,  potash,  lime,  and  magnesia. 
The  ash  also  contains  a  trace  of  iron. 

The  quantity  of  saline  matter  in  normal  urine  varies  between  8  and 
9  grains  per  1,000  grains  of  urine,  but  the  quantity  is  largely  influenced 
by  diet  (an  animal  diet  increasing  the  quantity  of  sulphates),  mental 
energy,  etc. 

6.  Extractive  Matter. — This  includes  kreatin,  kreatinin  (derived 
from  the  metamorphosis  of  muscular  tissue),  xanthin,  and  other  bodies, 
such  as  indican,  glucose,  etc. 

7.  Pigments. — The  pigments  of  the  urine  are  not  well  understood. 
They  are  probably  altered  haemoglobin.  A  body  called  w-ohcematin  has 
been  mentioned  by  Harley,  and  one  called  tiroclwome  by  Thudichum. 
Other  pigments  variously  named  purpurin,  rosacic  acid,  and  uroerythrin 
have  also  been  described. 

Schunck  considers  that  the  urinary  pigments  described  are  products 
of  two  colouring  matters  always  present  in  urine,  the  one  being  soluble 
in  ether,  having  the  composition  C43H51NO265  and  the  other  insoluble 
in  ether,  having  the  composition  CJ9H27NOX4. 

In  jaundice  the  urine  is  colored  by  bile  pigment. 

8.  Free  Gases. — It  was  found  that  lOO  c.c  of  urine  yielded  at 
normal  temperature  and  pressure  the  following  gases : — 
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Nitrogen     ...        •••       •••  •••  •••  ^'87 

Oxygen      ...       •••        •••  •••  •••  0'06 

Carbonic  anhydride, /ree    ...  •••  •••  4'o4 

J  J         combined  ...  ...  2*07 

It  is  to  be  noted  tliat  the  composition  of  the  urine  is  largely 
influenced  by  disease.  Thus  albumen  appears  in  Bright's  disease, 
srlucose  in  diabetes,  etc. 

Urinary  Calculi. 

A  few  general  analytical  remarks  are  all  that  is  necessary  here. 
On  heating  a  very  small  piece  of  the  calculus  on  platinum  foil,  one 
of  two  results  may  occur  : — 

A.  It  may  he  entirely,  or  very  nearly  entirely,  dissipated. 


\_Conclmion. — It  is  probably  uric  acid;  but  it  may  be  urate  of  am 
monia,  cystine,  or  xanthin.] 


Calculus. 

Physical 
Characters. 

Action  of  Water, 
Alkalies,  etc. 

Action  of  Acids,  etc. 

Uric  acid, 

Brownish  red;  smooth 
ortuherculated;  con- 
centric laminae  (com 
mon). 

Insol.  in  water ;  sol. 
by  heat  in  solution  of 
KHO,  without  the  ge- 
neration of  ammonia. 
A  ppt.  of  uric  acid  oc- 
curs when  an  acid  is 
added  to  the  alkaline 
solution. 

Dissolves  with  efferves- 
cence in  HNOg.  The 
residue  on  evaporation 
is  red,  becoming  purple 
/   red  on  the  addition  of 
ammonia  (  =  purple  red 
murexide) . 

/ 

Urate  of 
ammonia. 

Clay  colored;  smooth; 
fine  concentric  lami- 
nae (rare). 

Sol.  in  water;  sol.  by 
hpat  in  solution  of 
KHO,  ammonia  fumes 
being  evolved. 

Cystine 
CaH^NSO,). 

Brownish  yellow : 
semi  -  transparent ; 
crystalline  (very 
rare). 

Insol.  in  water,  in  alco- 
hol, or  in  ether  ;  soL 
in  ammonia,  when  the 
solution  is  evaporated 
spontaneously,  it  leaves 
hexagonal  plates.  The 
ammonia  solution  is 
precipitated  by  an  acid. 

Odor  of  CSj  when  heated. 
Sol.    in   a    solution  of 
KHO.    If  acetate  of  lead 
be  added  to  a  boiling  so- 
lution, a  black  ppt.  of 
PbS  results. 

Xanthin 
:C,H,N,0,). 

Pale  hrown ;  polished 
appearance  (very 
rare) . 

Sol.  in  alkaline  solu- 
tions. 

Sol.  in  HNO3  without  ef- 
fervescence.   Residue  on 
evaporation,  a  deep  yellow 
color.     Sol.   in  boiling 
HCl. 

B.  It  may  not  be  dissipated  by  heat. 

[Conclrision. — It  is  probably  oxalate  of  lime  or  fusible  calculus,  but 
it  may  be  phosphate  of  lime  or  ammonio-phosphate  of  magnesia.] 
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Calculus. 

Physical 
Characters. 

Action  of  Ammonia 
on  Acid  Solutions. 

Action  of  Acids,  Blow  ninp 
etc.         ^  ^  ' 

Oxalate  of  lime 
(mulberry 
calculus). 

Deep  browTi ;  rough  ; 
very  hard ;  layers 
thick  (common). 

The  solution  in  HCl 
gives  a  white  amor- 
phous ppt.  with  am- 
monia. 

Sol.  in  HCl  wi^bouteff^ 
vescence ;  insol.  in  acetic 
acid.    When  heated  it 
becomes  CaCO,,  whpn  u 
dissolves    in  HCl  ^ 
effervescence,  but  on  being 
heated  more  strongly  CaO 
only  remains,  which  ig 
alkaline  to  turmeric. 

Phosphate  of  lime 
(bone  earth 
calculus). 

Pale    brown  color; 
laminae  regular 
(rare). 

The  solution  in  HCl 
gives  a  white  amor- 
phous gelatinous  ppt. 
with  ammonia. 

Sol.    in   HCl;   insol.  in 
acetic    acid.  Infusible 
before    the    blow  pipe. 
The    residue    on  being 
strongly  heated  is  not 
alkaline. 

Ammonio  -ph  os  - 
phate  of  magnesia 
(triple  phosphate) . 

White,  brittle,  and 
crystalline ;  sui-face 
uneven ;  seldom  la- 
minated (rare). 

The  solution  in  acids 
gives  a  white  crystal- 
line ppt.  with  am- 
monia. 

Sol.  in  HCl  and  in  acetic 
acid.      Fusible  before 
blow-pipe  with  difficulty, 
evolving  NHg.  Eesidue' 
insol.  in  water  and  not 
alkaline. 

Mixed  phosphate 
of     lime  and 
ammonio-phos- 
phate  of  mag- 
nesia (fusible 
calculus). 

White ;  often  very 
large  ;  fusible  and 
rarely  laminated 
(common) . 

The  solution  in  HCl  or 
acetic  acid  gives  a 
white  ppt.  with  am- 
monia (phosphate  of 
magnesia)  and  a  white 
ppt.  with  oxalate  of 
ammonia  (lime). 

Sol.  in  acetic  acid;  insoL 
in  KRO.    Very  fusible 

being  insol.  in  water,  but 
sol.  in  acids.  Eesidue  not 
alkaline. 

Faeces. 

These  constitute  the  excrementitious  portions  of  food.  The  che- 
mical composition  of  the  sohd  matter  of  the  excrement  varies  with  the 
food  taken.  Tlie  fasces  consist  (on  an  average)  of  about  25  per  cent, 
of  solid  matter,  the  rest  being  water.  The  solid  portion  is  made  up  of 
biliary  matter,  alimentary  debris,  and  salts,  these  latter  being  mainly 
phosphates  of  lime  and  magnesia,  with  small  quantities  of  iron,  soda, 
lime,  and  silica.  The  offensive  odor  of  fjecal  matter  is  due  to  certain 
intermediate  products  of  oxidation,  and  becomes  more  offensive  as  the 
quantity  of  bile  that  is  secreted  diminishes. 

Excretin  (CygHiggSOg),  a  body  melting  at  204-8°  F.  (96°  C),  soluble 
in  water  and  hot  alcohol,  and  insoluble  in  cold  alcohol,  has  been 
discovered  by  Marcet  in  the  alcoholic  extract  of  faecal  matter. 

Excretolic  acid  (Marcet)  consists  of  a  mixture  of  fatty  acids,  pre- 
cipitated by  the  action  of  lime  on  an  alcoholic  extract  of  faecal 
matter. 


SWEAT,  ETC. 
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Sweat.  Mucus.  Pus. 

Sweat  is  the  watery  excretion  from  the  sudoriparous  glands  of 
the  skin.  Its  reaction  is  usually  acid,  from  the  presence  of  free  lactic 
and  formic  acids,  etc.  It  contains  from  0'5  to  2-00  per  cent,  of  solid 
matter,  the  quantity  varying  with  the  temperature  of  the  day,  the 
liquids  taken,  the  amount  of  exercise,  etc.  The  chief  part  of  the 
oolid  matter  consists  of  sodium  chloride,  but  traces  of  phosphate  of 
lime,  together  with  lactates,  butyrates,  and  acetates  are  also  present. 
A  trace  of  urea  is  said  to  be  constant.  A  peculiar  azotized  and 
easily  decomposed  body  and  an  odorous  principle  are  present  in 
varying  quantity.  Carbonic  acid  and  nitrogen  are  also  given  off  by 
the  skin. 

Mucus  is  a  viscid  matter  secreted  by  the  mucous  membranes.  It  is 
always,  more  or  less  largely,  mixed  with  epithelium  cells.  Its  glairy 
consistence  is  due  to  the  presence  of  a  nitrogenized  body  called  mucin, 
the  percentage  composition  of  which  is  said  to  be  carbon  52-2, 
hydrogen  7*0,  nitrogen  12'6,  and  oxygen  28"2. 

Mucin  swells  up  when  subjected  to  the  action  of  water,  but  it  is 
not  soluble  in  water.  It  is  turned  yellow  by  nitric  acid.  It  is  not 
precipitated  by  mercuric  chloride,  acetic  acid,  plumbic  acetate,  or 
potassic  ferrocyanide.    It  is  coagulated  by  alcohol  and  by  heat. 

Pus  is  a  creamy-white  fluid,  having  a  neutral  or  slightly  alkaline 
reaction.  It  appears  under  the  microscope  to  consist  of  minute 
globules  floating  in  a  transparent  serum.  The  pus  globules  are  only 
imperfectly  dissolved  by  alkalies.  They  contain  fat  (2  to  6  per  cent.) 
and  cholesterin  (1  per  cent.).  Dilute  acids  distend  them.  The  serum 
of  pus  contains  albumin,  leucin,  and  an  albuminoid  body  called  pyin." 

Pyin  is  soluble  in  water.  It  is  precipitated  by  acetic  acid.  Unlike 
mucin,  it  is  precipitated  both  by  mercuric  chloride  and  by  lead  acetate. 

Cholesterin,  C26H43OII,  is  a  fat-like  body,  soluble  in  ether,  in  boiling 
alcohol,  and  in  chloroform.  It  is  the  chief  constituent  of  biliary 
calculi. 

The  solid  residue  of  pus  contains  12  per  cent,  of  saline  matter, 
phosphoric  acid  and  potash  being  the  principal  acid  and  base  present. 
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Table  I. 

[  Table  showing  the  Specific  Gravities  and  percentage  strengths  of  various 
I  solutions  of  Nitric  Anhydride  (NoOg)  and  Nitric  Acid  (HNO3). 


Specific 
Gravity. 
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N2O5=108. 
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1-1958 

0 1  .CI  A 

oi  Di4 

1-4500 

77-181 

66-155 

1  lo90 

oU  0o4 

1-4460 

76-246 

65-364 

1-1833 

OQ  .'7;;  C 

JiV  loo 

1-4424 

75-316 

64-557 

1-1770 

Zo  oZO 

1-4385 

74-386 

63-760 

1-1709 

07.QQA 

9'i -Ql  fl 

1-4346 

73-457 

62-963 

1  lo4o 

ZD  yoo 

99- 1 1  S 

1-4336 

72-527 

62-166 

1  .1  COT 

1  1687 

OR  nQP\ 

ZD  KjoD 

99-Sl  fi 

1-4269 

71-587 

61-396 

1-1o2d 

ZO  iUO 

1-4228 

70-667 

60-572 

1  14do 

OA • 1 7fi 
Z4  1  /  D 

90-799 

1-42  B.P. 

70-000 

60-000 

1   .1  AO 

l-140i> 

Zo  Z4D 

1  Q'Q95 

i.  i7    V MO 

1-4189 

69-737 

59-775 

1  1346 

00  •  Q  1  ft 

ZZ  t51D 

^  0-1 9S 

1-4147 

68-807 

68-978 

1-1286 

0  1  -QQft 

Z  i  ooD 

10  00  X 

1-4107 

67-878 

58-181 

1-1227 

ZU  40D 

1  7-5^4 
X  1  t^o^ 

1-4065 

66-948 

57-384 

1-1168 

ly  ozo 

1  fi-7^7 
xo  / 0 / 

1-4023 

66-018 

56-587 

1-1109 

1  Q.KQ7 

io  oy  / 

1  5-Q4.n 

1-3978 

65-090 

55-790 

1-1051 

17  od7 

1-3945 

64-158 

54-993 

1-1010 

17  44z 

14:  you 

1-3882 

63-229 

64-196 

1-0993 

1  Z3  .TOT 

lo  737 

1^  040 

1-3833 

62-299 

63-399 

1-0935 

15-807 

10  04a 

1-3783 

61-369 

52-602 

1-0878 

14-877 

1-3732 

60-439 

51-805 

1-0821 

13-947 

1 1  yoo 

1-3681 

59-579 

51-068 

1-0764 

13-017 

11-158 

1  OOoU 

00  U  IV 

/in-91 1 

1-0708 

12-088 

10-361 

1-3579 

57-650 

49-414 

1-0651 

11-158 

9-564 

1-3529 

56-720 

48-617 

1-0595 

10-228 

8-767 

1-3477 

56-790 

47-820 

1-0540 

9-298 

7-970 

1-3427 

54-860 

47-023 

1-0486 

8-368 

7-173 

1-3376 

53-930 

46-226 

1-0430 

7-439 

6-376 

1-3323 

63-000 

45-429 

1-0375 

6-508 

5-579 

1-3270 

52-069 

44-632 

1-0320 

6-579 

4-782 

1-3216 

51-141 

43-835 

1-0267 

4-649 

3-985 

1-3163 

50-211 

43-038 

1-0212 

3-7L9 

3-188 

1-3110 

49-281 

42-241 

1-0159 

2-789 

2-391 

1-3056 

48-355 

41-447 

1-0106 

1-860 

1-694 

1-3001 

47-180 

40-440 

1-0053 

0-930 

0-797 

3  H  2 
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Table  II. 

Showing  the  Percentage  of  real  Sulphuric  Acid  (^2804)  corresponding  to 
various  Specific  Gravities  of  Aqueous  Sulj)huric  Acid. 


Bineau;  Otto.    Temp.  15° 


0       *  n 

bpecinc 
Uravity. 

Pe- 
cetit.  of 
idoSO,. 

2  4 

Specific 
Gravity. 

Per 
cent,  of 
H„SO,. 

Specific 
Gravity. 

Per 
c^nt.  of 
H2SO4. 

Specific 
Gravity. 

— ■ 

Per 
cent,  of 
HjSO^. 

1-8426 

100 

1-675 

75 

1-398 

50 

1-182 

25 

1-842 

99 

1-663 

74 

1-3886 

49 

1-174 

24 

1-8403 

98 

1-651 

73 

1-379 

48 

l-lh7 

23 

1-840 

97 

1-639 

72 

1-370 

47 

1-159 

22 

1-8384 

96 

1-627 

71 

1-361 

46 

1-1616 

21 

1-8376 

95 

1-615 

70 

1-351 

45 

1-144 

20 

1-8356 

94 

1-604 

69 

1-312 

44 

1-136 

19 

1-834 

93 

1  592 

68 

1-333 

43 

1-129 

18 

1-831 

92 

1-580 

67 

1-324 

42 

1-121 

17 

1-827 

91 

1-568 

66 

1-315 

41 

1-1136 

IG 

1-822 

90 

1-557 

65 

1-306 

40 

1-106 

15 

1-816 

89 

1-545 

64 

1-2976 

39 

1-098 

14 

1-809 

88 

1-534 

63 

1-289 

38 

1-091 

13 

1-802 

87 

1-523 

62 

1-281 

37 

1-083 

i2. 

l-79i 

86 

1-512 

61 

1-272 

36 

1-0766 

11 

1-786 

85 

1-501 

60 

1-264 

35 

1-068 

10 

1-777 

84 

1-490 

59 

1-256 

34 

1-061 

9 

1-767 

83 

1-480 

58 

1-2476 

33 

1-0536 

8 

1-766 

82 

1-469 

67 

1-239 

32 

1-0461 

7 

1-745 

81 

1-4586 

56 

1-231 

31 

1-039 

6 

1-734 

80 

1-448 

55 

1-223 

30 

1-032 

5 

1-722 

79 

1-438 

64 

1-216 

29 

1-0256 

4 

1-710 

78 

1-428 

53 

1-2066 

28 

1-019 

3 

1-698 

77 

1-418 

52 

1-198 

27 

1-013 

2 

1-686 

76 

1-408 

61 

1-190 

26 

1-0064 

1 
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Table  III. 

Table  shoioing  the  percentage  quantities  of  Hydrochloric  Acid,  Sp.  Gr.  1% 
and  of  Hydrochloric  Acid  Gas  contained  in  Aqueous  Solutions  of 
different  Specific  Gravities. 


Specific 
Gravity. 

Sp.  Gr. 
1-2. 

1 

lydrochloric 
Acid  Gas. 

—  

1-2000 

AO  777 

1-1982 

yy 

40-369 

1-1964 

QQ 

yo 

39-961 

1-1946 

9/ 

oy  uu^ 

1-1928 

39-146 

1-1910 

yo 

00  J  00 

1-1893 

yt 

00   OOKJ  i 

1-1875 

0  j  V£tO 

1-1857 

QO 

37-5I6 

1-1846 

y  i 

37-108 

1-1822 

on 

yu 

OU  1 

1-1802 

QQ 

oy 

1-1782 

QQ 
OO 

1-1762 

0  / 

3.'i-476 

1-1741 

SR 
OD 

,'?5-068 

1-1721 

oO 

94.-fifin' 

1-1701 

QA 

1-1681 

QQ 
OO 

00  OrtO 

1-1661 

QO 

00  %o  1 

1-1641 

o  1 

33-029 

1-1620 

oU 

32-621 

l-lo99 

/  y 

32-213 

I'loTo  15.  r. 

78 

31-806 

l-lOOT 

77 

31-398 

l-looo 

7fl 

30-990 

1-1515 

7*; 

30-582 

1-1494 

7/t 

30-174 

1-1473 

7Q 

29-767 

1-1452 

70 

29-359 

1-1431 

71 

71 

28*951 

11410 

7Q 
70 

28'544 

1-1389 

69 

1-1369 

DO 

1-1349 

67 

07.001 

1-1328 

OD 

zo  yio 

1-1308 

00 

ZD  OUo 

1-1287 

64 

1-1267 

63 

oyu 

1-1247 

62 

25-282 

1-1226 

61 

24-874 

1-1206 

60 

24-466 

1-1185 

59 

24-068 

1-1164 

58 

23-650 

1-1143 

57 

23-242 

1-1123 

56 

22-834 

1-1102 

55 

22-426 

1-1082 

54 

22-019 

1-1061 

'63 

21-611 

1-1041 

62 

21-203 

1-1020 

51 

20-790 

1-1000 

50 

20-388 

Specific 
Gravity. 

Acid  01 

i5p.  vrr. 

Eydrrcblori( 
Acid  Gas. 

1-0980 

49 

19-980 

1-0960 

48 

19-572 

1-0939 

47 

19-165 

1-0919 

46 

18-757 

1-0899 

45 

18-349 

1-0879 

44 

17  941 

1-0859 

43 

17'534 

1-0838 

42 

17-126 

1-0818 

41 

I6-7I8 

1-0798 

40 

16-310 

1-0778 

39 

15-902 

1-0758 

38 

15-494 

1-0738 

37 

lo-0o< 

1-0718 

36 

t  A  .  z?  TQ 

14-679 

1-0697 

35 

1  /(  .071 

1-0677 

34 

lO  ODO 

1-0657 

33 

13-094 

1-0637 

32 

12-597 

1-0617 

31 

12-300 

1-0597 

30 

11-900 

1-0577 

29 

1  1  . C  AC 

1-0557 

28 

1  1  . 1 AQ 

1 1-109 

1-0537 

27 

1  A  .  *7  1  0 
10-712 

1-0517 

26 

1  A  .  0  1  A 

10  olo 

1-0527 

B.  P. 

1  A .  OA  A 

10  Z9U 

1-0497 

25 

A  .  A 1  Q 

0  yiy 

1-0477 

24 

9-922 

1-0457 

23 

9  12o 

1-0437 

22 

D   TO  A 

8-729 

1-0117 

21 

0  .  Q  0  0 

0  oo^ 

1-0397 

20 

M    A  0 

1-0377 

19 

7'538 

1.0357 

18 

7-141 

1-0337 

17 

6-745 

1-0318 

16 

6-348 

1-0388 

16 

5-951 

1-0279 

14 

0  &44 

1-0259 

13 

6-158 

2-0239 

12 

4-762 

1-0220 

11 

4  000 

1-0200 

10 

3-998 

1-0180 

9 

3-571 

1-0160 

8 

3-174 

1-0140 

7 

2-778 

1-0120 

6 

2-381 

l-OllO 

6 

1-984 

1-0080 

4 

1-588 

1-0060 

3 

1-191 

1-0040 

2 

0-796 

1-0020 

1 

0-397 
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Table  IV. 

Showing  the  Percentage  Amount  of  Ammonia  (NH3)  in  Aqueous  Solutions 
of  the  Gas  of  various  Specific  Gravities. 


Carius.    Temp.  14°. 


Specific 
Gravity. 

NH3 
per  cent. 

Specific 
Gravity. 

NH3 
per  cent. 

Specific 
Gravity. 

NH, 
per  cent. 

0-8844 

36 

0-9133 

24 

0-9520 

12 

0-8864 

35 

0-9162 

23 

0-9556 

11 

0-8885 

34 

0-9191 

22 

0-9593 

10 

0-8907 

33 

0-9221 

21 

0-9631 

9 

0-8929 

32 

0-9251 

20 

0-9670 

8 

0-8953 

31 

0-9283 

19 

0-9709 

7 

0-8976 

30 

0-9314 

18 

0-9749 

6 

0-9001 

29 

0-9347 

17 

0-9790 

5 

0-9026 

28 

0-9380 

16 

0-9831 

4 

0-9052 

27 

0-9414 

15 

0-9873 

3 

0-9078 

26 

0-9449 

14 

0-9915 

2 

0-9106 

25 

0-9484 

13 

0-9959 

1 

Table  V. 


Showing  the  Percentage  Amount  of  Potash  (KoO)  in  Aqueous  Solutions  of 

various  Sj^ecific  Gravities. 

Tiinnermann,  N.  Tr.  xviii.,  2,  5.  Temp.  16°. 


Specific  Gravity. 

Per  Cent, 
of  K^O. 

Specific  Gravity. 

Per  Cent, 
of  K2O. 

1-3300 

28-290 

1-1437 

14-145 

1-3131 

27-158 

1-1308 

13-013 

1-2966 

26-027 

1-1182 

lJ-882 

1-2805 

24-895 

1-1059 

10-750 

1-2648 

23-764 

1-0938 

9-619 

1-2493 

22-632 

1-0819 

8-487 

1-2342 

21-500 

1-0703 

7-355 

1-2268 

20-935 

1-0589 

6-224 

1-2122 

19-803 

1-0478 

5-002 

1-1979 

18-671 

1-0369 

3-961 

1-1839 

17-540 

1-0260 

2-829 

1-1702 

16-408 

1-0153 

1-097 

1-1568 

15-277 

1-0050 

0-5658 
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Table  VI. 

Shoxving  Percentage  Amount  of  Soda  (Na^O)  m  Aqueous  Solutions  of 

various  Specific  Gravities. 
TiLnnermanii. 


Per  cent, 
of  Na^O. 

Specific 
Gravity. 

Per  cent, 
of  Na^O. 

Specific 
Gravity. 

Per  cent, 
of  Na^O. 

1-2392 

15-110 

1-1042 

7-253 

21*894: 

1-2280 

14-500 

1-0948 

6-648 

21-758 

1-2178 

13-901 

1-0855 

6-044 

21-154 

1-2058 

13-297 

1-0764 

5-440 

20-550 

1-1948 

12-692 

1-0676 

4-836 

19-945 

1-1841 

12-088 

l-Oool 

4  i 

19-341 

1-1734 

11-484 

1-0500 

3-626 

18-730 

1-1630 

10-879 

1-0414 

3-022 

18-132 

1-1628 

10-275 

1-0330 

2-418 

17-528 

1-1428 

9-670 

1-0246 

1-813 

16-923 

1-1330 

9-066 

1-0163 

1-209 

16-379 

1-1233 

8-462 

1-0081 

0-604 

15-714 

1-1137 

7-857 

1-0040 

0-302 

Specific 
Gravity. 

Per  cent, 
of  Na,0. 

Specific 
Gravity. 

1-4285 

30-220 

1-3198 

1-4193 

29-616 

1-3143 

1-4101 

29-011 

1-3125 

1-4011 

28-407 

1-3053 

1-3923 

27-802 

1-2982 

1-3836 

27-200 

1-2912 

1-3751 

26-594 

1-2843 

1-3668 

25-989 

1-2775 

1-3586 

25-385 

1-2708 

1-3505 

24-780 

1-2642 

1-3426 

24-176 

1-2678 

1-3349 

23-672 

1-2516 

1-3273 

22-967 

1-2453 

Table  VII. 

Proportion  of  Absolute  Alcohol  by  Weight  in  100  parts  of  Spirit,  of 
different  Specific  Gravities  at  60°  F. 


Alcohol 
per  cent. 

Specific 
Gravity. 

Alcohol 
per  cent. 

Specific 
Gravity. 

0-5 

1-0000 

25 

•9652 

0 

0-9991 

26 

-9638 

1 

0-9981 

27 

-9623 

2 

0-9965 

28 

•9fi09 

3 

0-9947 

29 

-9593 

4 

0-9930 

30 

-9578 

5 

0-9914 

31 

-9560 

6 

0-9898 

32 

•9544 

7 

0-9884 

33 

-9528 

8 

0-9869 

34 

•9511 

9 

0-9855 

35 

.9490 

10 

0-9841 

36 

-9470 

11 

0-9828 

37 

•9452 

12 

0-9815 

38 

•9434 

13 

0-9802 

39 

-9416 

14 

0-9789 

40 

-9396 

16 

0-9778 

41 

•9376 

16 

0-9766 

42 

-9366 

17 

0-9763 

43 

•9335 

18 

0-9741 

44 

-9314 

19 

0-9728 

45 

•9292 

20 

0-9716 

46 

•9270 

21 

0-9704 

47 

•9249 

22 

0-9691 

48 

•9228 

23 

0-9678 

49 

•9206 

24 

0-9665 

1  50 

•9184 

Alcohol 
per  cent. 

Specific 
Gravity. 

Alcohol 
per  cent. 

Specific 
Gravit; 

51 

•9160 

76 

•8581 

52 

•9135 

77 

-8557 

53 

•9113 

78 

•8633 

64 

•9090 

79 

-8508 

55 

•9069 

80 

-8483 

66 

•9047 

81 

•8459 

57 

•9025 

82 

•8434 

58 

•9001 

83 

•8408 

59 

•8979 

84 

•8382 

60 

•8956 

85 

•8367 

61 

•8932 

86 

•8331 

62 

•8908 

87 

-8306 

63 

•8886 

88 

-8279 

64 

-8863 

89 

•8254 

65 

-8840 

90 

•8228 

66 

•8816 

91 

•8199 

67 

•8793 

92 

-8172 

68 

•8769 

93 

-8145 

69 

-8745 

94 

•8118 

70 

•8721 

96 

•8089 

71 

•8696 

96 

•8061 

72 

-8672 

97 

•8031 

73 

-8649 

98 

•8001 

74 

-8625 

99 

-7969 

75 

•8603 

100 

-7938 

iniuis  xau.««v.,j  ...w^c...  ...^  ,  38ult  of  a  direct  synthetical  experi- 
ment- ahsolute  alcohol  and  distilled  water  being  weighed  out  in  the  proper  proportions, 
and  mixed  by  agitation  in  stoppered  bottles;  after  a  lapse  of  three  or  four  days,  each 
specimen  was  brought  exactly  to  60°  F.  and  the  specific  gravity  determined  with  great 


care. 
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Table  VIII. 


Specific  Gravities  corresponding  to  Degrees  oj  Baume's  Hydrometer  for 
Liquids  heavier  than  Water.    (  Water  =  1  -000.) 


Degrees 
Baume. 

Specific 
Gravity. 

Degrees 
Baume. 

Specific 
Gravity. 

Degrees 
Baume. 

Specific 
Gravity. 

Baume. 

0 

1-000 

20 

1-152 

40 

J.    OO  f 

oyj 

1 

1-007 

21 

1-160 

41 

X  0\JiJ 

61 

2 

1-013 

22 

1-169 

42 

1  oo^ 

3 

1-020 

23 

1-178 

43 

J.  ovo 

Do 

4 

1-027 

24 

1-188 

44 

1-407 

64 

5 

l-03t 

25 

1-197 

45 

1.420 

65 

« 

i   Ul  1 

1  zOfa 

46 

1-434 

66 

7 

1-048 

27 

1-216 

47 

1-448 

67 

8 
9 

1-056 

28 

1-226 

48 

1-462 

68 

1-063 

29 

1-235 

49 

1-476 

69 

10 

r070 

30 

1-245 

60 

1-490 

70 

11 

1  078 

31 

1-256 

51 

1-495 

71 

12 

1-085 

32 

1-267 

62 

1-520 

72 

13 

1-094 

33 

1-277 

53 

1-536 

73 

14 

l-lOl 

34 

1-288 

54 

1-561 

74 

15 

1-109 

35 

1-299 

65 

1-567 

75 

16 

1-118 

36 

1-310 

56 

1-583 

76 

17 

1-126 

37 

1-321 

57 

1-600 

18 

1-134 

38 

1-333 

68 

1-617 

19 

1-143 

39 

1-345 

69 

1-634 

Specific 
Gravity. 


1-652 
1-670 
1-689 
1-708 
1-727 
1-747 


707 
788 


1-809 
1-831 
1-854 
1-877 
1-900 
1-924 
1-949 

1-  974 

2-  000 


Specific  Gravities  on  Baume's  Scale  for  Liquids  lighter  than  Water. 


Degrees 
Baume. 

Specific 
Gravity. 

Degrees 
Baume. 

Specific 
Gravity. 

Degrees 
Baume. 

Specific 
Gravity. 

Degrees 
Baume. 

Specific 
Gravity. 

10 

1-000 

23 

0-918 

36 

0-849 

49 

0-789 

11 

0-993 

24 

0-913 

37 

0-844 

60 

0-786 

12 

0-986 

25 

0-907 

38 

0-839 

61 

0-781 

13 

0-980 

26 

0-901 

39 

0-834 

52 

0-777 

14 

0-973 

27 

0-896 

40 

0-830 

53 

0-773 

15 

0-967 

28 

0-890 

41 

0-825 

54 

0-768 

16 

0-960 

29 

0-885 

42 

0-820 

55 

0-764 

17 

0-954 

30 

0-880 

43 

0-816 

56 

0-760 

18 

0-948 

31 

0-874 

44 

0-811 

57 

0-757 

19 

0-942 

32 

0-869 

46 

.  0-807 

68 

0-753 

20 

0-936 

33 

0-864 

46 

0-802 

59 

0-749 

21 

0-930 

34 

0-859 

47 

0-798 

60 

0-745 

22 

0-924 

35 

0-864 

48 

0-794 
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Table  IX. 

Degrees  on  TwaddelVs  Hydrometer,  and  the  corresponding  Specific 

Gravities. 

[Note. — The  degrees  of  Twaddell's  hydi-ometer  are  converted  into  their  cor- 
lesponding  specific  gravities  by  multiplying  by  0-005,  ani  adding  1-000.  Conversely, 
to  convert  specific  gravi'y  into  degrees  Twaddell,  deduct  1,000  and  divide  the 
l  omaindtr  by  5.    Thus  : — 

25  Twaddell  X  5  +  1000  =  1125  specific  gravity. 
11-^5  specific  gravity  —  1000      5  =  25  Twaddell.] 


Degrees 
Twadlell. 

Specific 
Gravity. 

Degrees 
TwaddeU. 

Specific 
Gravity. 

Degrees 
Twaddell. 

Specific 
Gravity. 

1 

1-005 

8 

1-040 

15 

1-075 

2 

1-010 

9 

1-045 

16 

1-080 

3 

1-015 

10 

1-050 

17 

1-085 

4 

1-020 

11 

1-055 

18 

1-090 

5 

1-025 

12 

1-060 

19 

1-095 

6 

1-030 

13 

1-066 

20 

1-100 

7 

1-035 

14 

1-070 

Table  X. 

English  Weights  and  Measures. — Avoirdupois. 


Grain  , , 

Drachm 

Ounce  . , 

Pound  . , 

Quarter 

Cwt. 

Ton 


Grs. 


1 

27-34 
437-5 
7000 
196000 
784000 
15680000 


Drms. 


1 

16 
256 
7168 
28672 
573440 


Ozs. 


1 

16 
448 
1792 
35840 


lbs. 


1 
28 
112 
2240 


Qr-. 


1 
4 
80 


Cwt.  Tons. 


1 
20 


Troy 

Weight. 

Grains. 

Dwts. 

Oimces. 

lb. 

1 

Pennyweight    . . 

24 

1 

I 

480 

20 

5760 

240 

12 

1 
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1  cubic  inch  of  distilled  water  in  air  at  62°  F.  =  252*456  grains. 
1  cubic  incb  of  distilled  water  in  vacuo  at  62°  F.  =  252-722  grains. 

Cubic  inclies. 

1  gallon  =  277-276  (100  c.i.  =  0-3606  gallon). 

1  pint  =  34-659 

1  fluid  ounce         =  1-7329 
1  litre  =  61-024 

1  cubic  centimetre  =  0-061024 

1  cubic  inch  =  16-387  cubic  centimetres. 

(For  comparison  of  French  and  English  weights,  see  page  62.) 

Cubic  inches.  Litres. 
1  gallon        . .       . .       277-276       . .  4-54345797 
1  pint   34-659       ..  0-567932 

252-45  grains. 
0-0214 
0-3428  „ 
3425-25  „ 

A  pint  (imperial)  of  water  (=  34-65  C.I.)  weighs  1-25  lbs. 
A  gallon  „     „    (=  277-274  C-I.)      „     10-0  lbs. 

A  hundred  weight  (1  cwt.)  of  water  measures  11-2  gallons  or  1-8  cubic  feet. 
A  ton  of  water  measures  224  gallons  or  35-84  cubic  feet. 

100  C.  I.  of  water  =  0-3606  gallon. 


A  cubic  inch  of  water  weighs 
hydrogen  ,, 
oxygen  ,, 


) » 

> » 

>) 

) ) 

)> 

)> 

)) 

>  > 

>> 

)) 

>) 

>> 

Table  XI. 

To  Reduce  Gi'ammes  to  Grains. 
Log.  Grammes  +  1*188432  =  log.  grains. 

To  Reduce  Cubic  Centimetres  to  Cubic  Inches. 
Log.  cubic  centimetres  +  (  — 2-7855007)  =  log.  cubic  inches. 

To  Reduce  Millimetres  to  Inches. 
Log.  millimetres  +  ( — 2-5951663)  =  log.  inches. 
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To  Convert  Grains  into  Grammes. 
Log.  grains  +  ( — 2-8115680)  =  log.  grammes. 

To  Convert  Cubic  Inches  into  Cubic  Centimetres. 
Log.  cubic  inches  +  1-2144993  =  log.  cubic  centimetres. 

To  Convert  Inches  into  Millimetres. 
Log.  inches  +  1-4048337  =  log.  millimetres. 


Table  XII. 


Table  of  the  corresponding  Heights  of  the  Barometer  in  Millimetres  and 

English  Inches. 


MilU- 
mfetres. 

English 
inches. 

Milli- 
metres. 

English 
inches. 

Milli- 
metres. 

EngL'sh 
inches. 

720 

28-347 

739 

29-095 

768 

29-843 

721 

28-386 

740 

29-134 

769 

29-882 

722 

28-425 

741 

29-174 

760 

29-922 

723 

28-465 

742 

29-213 

761 

29-961 

724 

28-504 

743 

29-262 

762 

30-000 

725 

28-543 

744 

29-292 

763 

30-039 

726 

28-583 

745 

29-331 

764 

30-079 

727 

28-622 

746 

29-370 

766 

30-118 

728 

28-662 

747 

29-410 

766 

30-158 

729 

28-701 

748 

29-449 

767 

30-197 

730 

28-740 

749 

29-488 

768 

30-236 

731 

28-780 

750 

29-528 

769 

30-276 

732 

28-819 

751 

29-567 

770 

30-315 

733 

28-858 

752 

29-606 

771 

30-355 

734 

28-898 

753 

29-645 

772 

30-394 

735 

28-937 

754 

29-685 

773 

30-433 

736 

28-976 

755 

29-724 

774 

30-473 

737 

29-016 

756 

29-764 

775 

30-512 

738 

29-055 

757 

29-803 
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Table  XIIL 

For  Converting  Degrees  of  the  Centigrade  Thermometer  into  Degreess  of 

Fahrenheit's  Scale. 


Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit, 

ono 

 u\) 

—130° 

—  60° 

 YD" 

—30° 

—22° 

00 

121 

55 

d7 

25 

13 

fin 

112 

50 

K  Q 
OO 

20 

4 

1  0 

103 

45 

A  Q 

15 

+  5 

W 

94 

40 

10 

14 

DO 

85 

35 

0  1 

61 

5 

23 

no 

+  32° 

+  100° 

1  Ol  OO 

+200° 

+392° 

41 

105 

//X 

205 

401 

1  A 

60 

110 

O  O  A 

210 

410 

1  Pi 

10 

59 

115 

ooo 
zo9 

215 

419 

20 

68 

120 

248 

220 

428 

2') 

7*7 

125 

257 

437 

30 

86 

130 

266 

230 

446 

36 

95 

135 

275 

235 

455 

40 

104 

140 

284 

240 

464 

45 

113 

145 

293 

245 

473 

50 

122 

160 

302 

250 

482 

55 

131 

155 

311 

255 

491 

C  A 
OU 

140 

160 

260 

500 

65 

149 

165 

329 

265 

609 

70 

158 

170 

338 

270 

518 

75 

167 

175 

347 

275 

527 

80 

176 

180 

356 

280 

536 

85 

185 

185 

365 

285 

546. 

90 

194 

190 

374 

290 

554 

95 

203 

195 

383 

295 

563 

1°  F. 

0-55°  C. 

10  C. 

1-80  F. 

2 

1- 

LI 

2 

3-6 

3 

1-66 

3 

5-4 

4 

2-22 

4 

7-2 

6 

2-77 

5 

g 

To  Convert  F.  into  C.  degrees  and  C.  into  F.  degrees. 

(F.o  —32)  X  5  ^       .  _       _^  j.g  =  0.°. 

y 

^°     ^  +  32  =  F.o  ;  or  (C.o  x  1-8)  +  32  =  F.o. 

o 

To  convert  F.  into  Reaumur  and  Reaumur  into  F. 


(F.— 32)  X  4 


R. 


R  X  9 


+  32  =  F. 


To  convert  C.  into  Reaumur  and  Reaumur  into  C. 


C  X  4 


E. 


R  X  5  _ 


C. 
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Table  XIV. 

Fable  of  the  Tension  of  Aqueous  Vapor  expressed  in  Inches  of  Mercury, 
at  32°  F.,  for  each  degree  F.  between  Q°  and  100°. 


TnoTifis  of 
TVTftrp.iirv 

Temp. 

Inches  of 
Mercury. 

Temp. 

Inches  of 
Mercury. 

Temp. 

Inches  of 
Mercury. 

0 

U  U4oy 

OA 

51 

0-3742 

76 

0-8964 

1 

A.A i  CQ 

u  U4oy 

07 

62 

0-3882 

77 

0-9266 

2 

A.  A/4  Q  1 

OQ 
iO 

63 

0-4026 

78 

0-9577 

o 

A .  A  ^  AQ 

64 

0-4175 

79 

0-9898 

4 

rv.rt  ro/* 
U  OO^D 

(\•^  fififl 

V  1  uuw 

55 

0-4329 

80 

1-0227 

0 

SI 
ox 

0-1733 

66 

0-4488 

81 

1-0566 

6 

0-0676 

32 

0-1810 

57 

0-4653 

82 

1-0915 

7 

0-0603 

33 

0-1883 

58 

0-4822 

83 

1-1274 

8 

0-0630 

34 

0-1959 

59 

0-4997 

84 

1-1643 

9 

0-0659 

35 

0-2038 

60 

0-5178 

85 

1-2023 

10 

0-0689 

36 

0-2119 

61 

0-5364 

86 

1-2413 

11 

0-0721 

37 

0-2204 

62 

0-5556 

87 

1-2815 

12 

0-0763 

38 

0-2291 

63 

0-5765 

88 

1-3228 

13 

0-0788 

39 

0-2381 

64 

0-5959 

89 

1-3652 

14 

0-0823 

40 

0-2475 

65 

0-6170 

90 

1-4088 

15 

0-0861 

41 

0-2571 

66 

0-6388 

91 

1-4537 

16 

0-0899 

42 

0-2672 

67 

0-6612 

92 

1-4998 

17 

0-0940 

43 

0-2775 

6'} 

0-6843 

93 

1-5471 

18 

0-0982 

44 

0-2882 

69 

0-7081 

94 

1-5958 

19 

0-1027 

45 

0-2993 

70 

0-7327 

95 

1-6657 

20 

0-1073 

46 

0-3108 

71 

0-7680 

96 

1-6971 

21 

0-1121 

47 

0-3226 

72 

0-7841 

97 

1-7498 

22 

0-1171 

48 

0-3349 

73 

0-8109 

98 

1-8039 

23 

0-1223 

49 

0-3476 

74 

0-8386 

99 

1-8595 

24 

0-1278 

50 

0-3607 

76 

0-8671 

100 

1-9170 

25 

0-1336 

This  Table  is  computed  from  Regnault's  experiments,  and  is  taken 
from  Dixon's  "Treatise  on  Heat,"  p.  257. 


HANDBOOK  OF  MODERN  CHEMISTRY. 


0 

o 

00 

CI 

o 

I — I 


c5 


O 


S 


d 

o 


03 


2 

03 
O 


u 

o 

(D 

d 
O 


<D 

CO  cS 

o 


o 

cc  o 
O 


o 


O 


as 

d 
O 


Q 
>-< 

cri  o 

d 
O 


(M<DO-<*l00(MC0O-t<00'M«0(NaD-* 

(sToo  lo  — H  c6'^•-^  in  ^ (o  cxT 

CO  <^>^  C<It^c<5  00  0OCO-*O>-*00<NcO 

CO  03  M<  o  'o  ■-Tto'  c<rtCc<3"oo"tiro"tCe«a' 

t~-«3T»<C0i-lO00t~-iO-<l<<Mi-Hrt 


00-  >:t<OCOO-^05lOOri(OUSOt~C>3 

t^<o^coc<iooot'^':D-«<cor-ioovo 

1—  I  CO  to"  CO  o"oo"«5"co''o"i>^vcrc<rc£ri-ricr 

t~--#(MOOOlOCOi— (03C0'^(Ni— li-H 
<>)(M<N(Mi-H,-lr-l.-l 


t~-oo— I  -H50ooo>ooo.-(-+it^o5coo 

OC<31>-OCOt^OCOCOOC050Tt<c<3rH 

loiO'^TjirocotNcMi— ii— I 


COOOOCDcOeOt-l0500«S->fC<>05«D» 
<Nl>-i— lOr- itOi— l«SO>OOlOCOC<li— I 


ooooooooooooooo 
ooooooooooooo-^o 

Tj((MO00t0-*(NO00i;O-*i(Mr*((£)00 

00  Lo"c<t  co'io'c^i  oTccTc^rorcD" CO  f>r 

*^lOC0O00^C0»-H05C0Tt*C<lTt<C000 
00kOIMO3iO<N05«D(NO3C0C0t^r-lvCl 

»^  irrco"croo"!;rr<^r-- ^orco"Tt<"<N'r-rr-r 


000000000000(N«3I~- 
C0C0Ol-^Tt<r-(00i00J0SC0C<5(Mi-io 
»005C0500"*t^t— ItOCOC-ICOt—  CX305 

T*ICOCOCO(M(N<MrHi-li-( 


_iOO>raOif3OU3OlCO'O«0t--00 


_^(NeO«iOOOO<NCO»Ot-OOCOTj<(M 
'~'CT>00t~CO>OlO'^M(Mi— lOOOO 

oooooooooooooo 


O— <OC3°0t^«D>C->*lc<S<Ni-lOOO 


o 
o 


IND 


EX. 


A. 

PAGE 

••  A  "  and  "  ia,"  the  terminations  .  29 
Abnormal  vapor  densities     ...  45 

Absolute  contact  2 

Absorption  of  gases  .  .  .  .  7,  10,  241 
Absorption,  coefficient  of  .    .   231,  241 

Acenaplitliene  642 

Acetal  746 

Acetaldehyde  "40 

Acetamide   695,703,759 

Acetates  702 

reactions  of  the  727 

Acetenylbenzene  640 

Acetic  chloride  703 

ether  703 

peroxide  703 

series,  acids  of  the   697 , 

—aldehydes  of  the  744 

Acetification  of  alcohol     586,  590,  701 

Acetone   666,  748,  749 

Acetonitril  762 

Acetous  fermentation  .    .    .    580,  586 

Acetyl  693 

Acetyl  chloride   695,  703 

Acetylene     273,  274,  592,  630,  633,  638 
synonyms,  preparation,  properties,  274 

test  _  .    .  275 

series,  preparation,  properties    .  633 

Acid  albumen  796 

Acid,  definition  of    ...    .   291,  293 

Acid,  abietic    ........  653 

acetic,  579, 586, 592, 666,  696,  698,  701 

— ^reactions  727 

— metallic  salts  of  702 

— derivatives  of  703 

— action  of  chlorine  on  .    .   696,  703 

— ketone  of  748 

— fermentation  586 

acrylic        .    .    .  696,  711,  717,  746 

adipic  

alloxanic  

alphatoluic  713 

alphaxylic  718 

amido-acetic   703,  802 

amido-benzoic  715 

amido-caproic   705,  802 

amylhydro-oxalic  707 

anchoic  718 

angelic  711 

anisic  •    •  ^vL 

anthracene  carboxylic  .  .  696,  717 
anthraquinone-disulphonic    .    .  645 

antimoniouB   489, 491 

antimonic   489,491 


f  AGB 

Acid — oontinued. 

arachidic  698 

arsenic  Ss 

arsenious   496, 498 

arsenmethylic  •    •  764 

atropic  717 

auric  

behemc  • 

benzamidacetic  ....  714, 829 
benzoic     636,  637,  642,  670,  696, 

712,  713,  717,  721,  726 

— reactions  729 

bisulphuretted  hyposulphuric    •  190 

boric  (boracic)  219 

brassic  •    •    •  7^^ 

bromic  

bromobenzoic  714 

bromocinnamio  717 

bromopropionic  599 

bromosuccinic  

butylactic   707 

butyric,  580,  666,  698,  704,  720, 

— ^fermentation  580 

camphoric  662 

capric   69» 

caproic   580,698,706 

caprylic  698 

carbamic  '  ^° 

carbocresylic  715 

carbohydroquinonic  71b 

carbolic  ....  592,  596,  657,  670 
carbonic  ....  210,  214,  707,  708 
— absorption  of  by  carbon .  .  .204 
— estimation  of  in  air  .  .  .  •  125 
— preparation,  properties,  etc., 

of  .    ,  211 

carminic  785 

cerebric  

cerotic  69S 

chenotaurocholic  

chlorhydric  250 

chloric  96,100 

chlorobenzoic  714 

chlorocarbonic .  .  .  •  •  •  '  E 
chlorochromio  .    .    .     316,  412,  417 

chlorosulphuric  or  qq 

chlorous   719 

chlorocrotonic  71^ 

chloropropionic  709 

chlorovalerio  706 

cholio  \.A  aA 

chromic  ^^^'V^, 

powerful  oxidizing  agent    .  bOd 
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INDEX, 


PAGE 

Acid — continued. 

chromous  413 

clirysainmic  784 

cimicio  711 

cinnamic   696,  717,  747 

citraconic  724 

citric  725 

— reactions  728 

coumaric  715 

cresotic  715 

cresylic  592 

crotonic  711 

cumic  713 

cyanic     .    ,  610 

cyanuric  610,  611 

damaluric  711 

damolic  711 

dephlogisticated  marine    ...  88 

desoxalic  725 

diacetotartaric  723 

dialuric  829 

diamyloxalic  707 

dibromacetic   696,  703 

dicMoracetic   696,  703 

dichlor  -  anthracene  -  disul- 

phonic  645 

diethacetic  704 

dinitrososulphonic  133 

dimethacetic  697 

diijhosphoric  162 

dioxyacetic  710 

dioxybenzoic  716 

dioxyin-opionic  710 

dioxysuccinic  722 

disulpho-dithionic  190 

dithionic  176 

dithionons    ....     176,  188,  189 

doeglic  711 

elaidic  711,  736 

erucic  711,  733 

ethacetic  704 

ethyloxalic  720 

ethylsulphnrio  274 

ethylenelactic  709 

ethylic  701 

excretolic  832 

ferric  407 

ferricyanic  616 

—  reactions  of  730 

ferrocyanic  614 

—  reactions  of  730 

fluoboric  221 

formic,  666,  683,  698,  700,  709, 

723,  726 

formobenzoic    .  715 

fulminic  610,612 

fulminnric  610, 611 

fumaric   ....  274,  599,  696,  724 

gaidic  711 

gallic   696,716 

—  reactions  730 

gallotannic  736 

glyceric   ....  677,  696,  709,  710 

glycocholio   .  .822 

glycollic  ....  674,  707,  708,  741 


Acid — continued.  ^^^'^ 

glyoxalic  709  747 

glyoxylic  7JQ 

Graham's  sulphuric  igg 

graphic,  or  graphitic     .    .    199, 203 

P^^iic  

lieptyhc  705 

hexyhc  7Qg 

liiPPuric  714,  727,  829 

—  reactions  728 

hya3nasic  '.  Q% 

hydriodic  178, 255 

—  action  on  organic  bodies  .    .  599 

hydrobromic  253 

hydrochloric  250 

—  table  showing  the  percentage 
quantities  of,  in  aqueous  solu- 
tions of  different  specific  gra- 
vities  837 

—  absorption  by  carbon    .    .  .204 
— solution  of,  preparation,  pro- 
perties, impurities  .    .  250-253 

hydrocinnamic  717 

hydrocyanic  ....     605,  726,  749 

—  Scheele's  test  for  618 

—  reactions  of  619 

hj^drocoumaric  715 

hydrofluoboric  221 

hydrofluoric  256 

hydrofluosilicic     .    ,     226,  257,  336 

hydromellonic  612 

hydro-nitroprussic  617 

hydroparacoumaric  715 

hydroselenic  270 

hydro-sulphocyanic  217 

hydrosulphuric  266 

—  action  of,  on  the  metals    .    .  288 

hydrosulphurous  189 

hyocholic  823 

hypobromous  104 

hypochloric  99 

hypochlorous    .    .    .    .    96,  97, 387 

—  as  a  bleaching  agent ....  98 

hypogasic  711 

hyponitric  (nitric  peroxide)  .  .131 
hyponitrous  ....     128,  130,  133 

hypophosphoric  158 

hypophosphorous  ....  158,  159 
hyposulphuric  (dithionic  acid)  .  189 
hyposulphurous  189 

—  (thiosulphuric  acid) .    ,    .  .188 

iodacetic  703 

iodic  110 

iodopropionic  710 

isatropic  717 

isophthalic  724 

isobutyric    ,   697, 704 

isopropylacetic .    ......  705 

isoamylic  705 

isosuccinic    .    .   ,  721 

itaconic  724 

kakodylic  765 

lactic   579,  696,  707,  708 

— fermentation  579 

lauric  698 
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Acid — continued. 

leiicic  '^^'^ 

lithic  827 

maleic  721 

malic  .     696,  718,  720,  721,  723,  728 

malonic  718,  722 

mandelic  715 

manganic   392, 395 

mannitic  678 

margaric   698,  706 

marine  250  . 

meconic  725 

— reactions  of  730 

melissic  698 

mellitic  725 

mesaconic  72-1 

mesitic  697 

mesoxalic   722, 829 

metabismuthic  4:65,  466 

metabismnthoiis  ....    465, 466 

metaboric  219 

metagallic  716 

metagmnmic  689 

metantimonic   491, 493 

metantimonious  491 

metaphosphoric    .    .     158,  161,  165 

metarsenic  500 

metastannic  491 

metatoluic  634 

metatungstic  554 

metavanadic  504 

methacetic   697,704 

methacrylic  711 

methetluicetio  705 

methylcrotonic  711 

methylic  700 

metoxybenzoic  715 

molybdic  516 

monobromacetic  .  .  .  .  696, 703 
monochloracetic  ....    696, 703 

mono-oxy-acetic  708 

moringic  711 

moritannic  ........  784 

muriatic  (see  Hydrocbloric). 

mucic   679, 688 

myristic  698 

myronic  686 

napbthalene-Bulpbomc  ....  641 

napbthalic  642 

naphthoic   696,  717 

nitric  140 

— action  of,  on  metals  ....  143 
— commercial  preparation  of  .  .141 

— impurities  of  142 

— preparation  of  141 

— preparation  of  pure  acid    .    .  142 

— properties  of  142 

— reactions  of  144 

— synonyms,  history  140 

— table  showing  the  specific  gra- 
vities and  percentage  strengths 

of  835 

— chloride  of  148 

— fuming  142 

nitrobenzoic     .......  714 
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nitro-hydrochloric  143 

nitrous  1^| 

— preparation  and  properties  of .  134 
—(nitrous  anhydride)  .    .    .  .133 

— (nitric  peroxide)  134 

— action  of,  on  the  metals  .    .  .287 

nonylic  698 

Nordhausen  sulphuric  .    .    .  .181 

octylic  698 

cenanthylic   698,  705 

oleic   698,711,718 

ortharsenic  500 

orthoboric  219 

orthophosphoric    .    .     158,  163,  165 

orthoxybenzoic  71  o 

osmic  475 

oxalic   699,  677,  718,  719 

— commercial  preparation  of  .  .719 

— reactions  727 

oxaluric  829 

oxybenzoic  715 

oxy butyric   .  707 

oxycaproic  707 

oxycholic  672 

oxygenated  muriatic     .    .    .    .  88 

oxymalonic   720 

oxymethylbenzoic  715 

oxTmuriatic  88,  100 

oxypicric  ;  . 

oxysalicylic   696,  716 

oxysuccinic  721 

oxytricarballylic  725 

oxyvaleric  707 

palmitic   698,705 

palmitolic  712 

parabanic  829 

paralactic  709 

paramalic  708 

paraoxybenzoic  715 

pectic  793 

pectonic  793 

pelargonic  698 

pentathionic  176, 191 

pentylic  704 

perbromic  105 

perchloric  96, 101 

perchromic  ....     250,  412,  419 

periodic  

permanganic   392, 395 

pernitrous  133 

persulpho-molybdic  517 

Jhenic   670,726 

phenylbenzoic  646 

phenylic  670 

phenyl-lactic  715 

phenyl-propiolic  ..  ..  696,  717 
phlogisticated  vitriolic .    .    .  .176 

phloretic  715 

phospho-molybdic  .  .  .  317,  516 
phosphoric  ....     158,  163,  602 

— ^hexabasic  158 

— glacial  161 

— monobasic  161 

— ^tribasic  163 
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Acid — continued. 

phosphoric  reactions  of  .  .  .165 
— action  on  organic  bodies  of     .  600 

phosphorous  158,  160 

phthalic  ....  636,  641,  696,  724 

picric   671,  784 

pimelic  718 

pinic  653 

piperic     .    .    •  716 

platinic  512 

plumbic  525 

propionic .    .   697,  698,  704,  709,  711 

propylic  .  704 

prussic  605 

pyrantimonic  491 

pjrarsenic  500 

pyrocatechuic  716 

pyrogallic   677,  716 

pyrophosphoric    .    .    .158,  162,  165 

pyroracemic  709 

pyrosulphuric  183 

pyrotartaric  718 

pyroterebic  711 

pyrovanadic  504 

propyl-acetic  704 

pyruvic   696,  709 

quinic  716 

racemic   709,  723 

ricinoleic  733 

rocellic  718 

ruberythric   687,  785 

ruthenic  477 

rutic  698 

saccharic  678 

salicylic   696,  715 

sarcolactic  709 

sebacic  718 

selenhydric  270 

selenic  196 

selenious  194,  195 

separgylic  718 

silicic   223,  226,  336 

silico-fluoric  257 

silico-formic,  or  leukon     .    .    .  226 

silico-tungstic  555 

sorbic   696,  712 

stannic  481 

stearic   698,  706 

stearolic  712 

suberic  718 

succinic  579,  654,  695,  696,  718, 

720,  723,  726 

— reactions   721,  729 

sulpharsenic  501 

sulpharsenious   496,  501 

sulphbenzoic  598 

sulphantimonic  496 

sulphantimonious  494 

sulphhydric  266 

sulphidic  266 

sulphocarbonic  216,  217 

sulphocyanic  612 

— reactions  730 

sulphodithionic  190 

sulphoethylic  (see  Sulphovinic). 
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Acid — continued. 

sulphoglyceric  .    .    .     598,  676,  735 

sulphokakodylic  765 

sulphomolybdic  517 

sulpho-sulphuric  188 

sulphovinic  ....     273,  598,  739 

sulphovinylic  667 

sulphuretted  hyposulphuric  .    .  190 

sulphuric  176,181 

— Nordhausen  409 

— action  on  organic  bodies    .    ,  598 

— nitrous  182 

— table  showing  the  percent- 
age of  real,  correspond- 
ing to  various  specific  gra- 
vities of  aqueous  sulphuric 

acid  836 

sulphurous  176,  179 

— and  sulphuric  acids  in  the 

air  126 

tannic  716 

— reactions  730 

tartaric    .    .   6,  60,  96,  718,  709,  722 

— reactions  729 

tartronic   721,  722,  723 

taurocholic  823 

telluric  197 

tellurous  197 

terephthalic  ....     637,  646,  724 

tetraboric  219 

tetrathionic  176,  190 

tetroleic  712 

tetrylic  704 

thiacetic  703 

thiocyanic  612 

thionuric  829 

thiosulphuric  176,  188 

— distinguished  from  sulphurous 

acid  189 

thymotic  715 

thymylcarbonic  715 

titanic  485 

toluic  713 

tribromacetic  703 

tricarballylic   697,  725 

trichloracetic    .    .    .     696,  703,  745 

trimethacetic  697 

trioxybenzoic  716 

trioxycarballylic  725 

trisulphodithionic  191 

trisulphuretted  hyposulphuric  .  191 

trithionic  176,  190 

'  tungstic  554 

ulmic  682 

uric   727,827,831 

— reactions  728 

— products  of  oxidation    .    .    .  828 

valerianic  704 

valeric   667,  698,  704 

valero-lactic  707 

vanadic  504 

vitriolic  181 

xanthic  708 

xylic  713 

xylilic  713 
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Acids  293 

action  of  heat  on  5 

action  of,  on  salts  in  solution    .  8 

as  disinfectants  588 

of  different  basicities    ....  293 
water  unites  with  the  anhy- 
drides to  form  28 

types  of  different  293 

reactions  of  some  of  the  chief 

organic  726 

organic  692 

— classification  of  the  .  .  .  .696 
— substitution  derivatives  of  the  696 

— ^haloid  salts  of  the  695 

—salts  of  693 

— chlorides,  bromides,  etc.,  of    .  695 

— amides  of  695 

— compound  ethers  of  ...  .  69i 
— constitution  of  the    ....  693 

— derivatives  of  693 

— relationships  of  693 

— anhydrides  or  oxides  of .    .    .  694 

— peroxides  of  694 

—acetic  series  of  .  .  696,  697,  710 
— acrylic  series  of  .  .  .  696,  710 
— benzoic  series  of    .    .    .    696,  712 

— biliary  823 

— cinnamic  series  of ,    .    .    696.  716 

— dibasic  718 

— fatty  series  of  698 

— formation  from  alcohols  .  .  697 
— fumaric  series  of  .  .  .  696,  724 
— gallic  series  of  ...  .  696,  716 
— glyoxylic  series  of .  .  .  696,710 
— isoxybenzoic  series  of  .  696,  716 
— lactic  series  of  ...  .  696,  706 
— malic  series  of  ...    .    696,  721 

— mesitic  series  of  696 

— monobasic  697 

— naphtoic  series  of  .  .  .  696,  717 
— olefine  series  of  (primary,  se- 
condary, and  tertiary)  .  .706 
— oxybenzoic  series  of  .  .  696,  714 
— phthalic  series  of  .  .  .  696,  724 
— primary,  secondary,  and  ter- 
tiary of  acetic  series  of  .  .  697 
— ^pyruvic  series  of    .    .    .    696,  709 

— salicylic  series  of  714 

— sorbic  series  of  ...  .  696,  712 
— succinic  series  of  .  .  .  696,  718 
— tartaric  series  ....  696,  722 
— tricarballylic  series  of  .  696,  725 
sulphonic  679 

Acidum    phosphoricum  dilutum 

(B.P.)  163 

Aconitine  774 

tests  for  781 

Acrolein   600,  676,  732,  746 

series,  acids  of  the  .  .  .  696,  710 
—aldehydes  of  the    .    .    .   744,  745 

Adamant  199 

Adhesion,  affinity  measured  by  the 

force  of  22 

attraction    between  dissimilar 

molecules  1 
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FAQE 

Adhesion — cojitinued. 
modifies  chemical  action  ...  7 

^sculin  686 

^thiop's  mineral  547 

Affinity  (chemical)  1 

definition,  1 ;  conditions  neces- 
sary for  the  exertion  of  affinity, 
2  ;  phenomena  of  afi&nity,  2 ; 
changes  in  the  sensible  proper- 
ties, 3  ;  in  the  physiological 
properties,  3  ;  in  the  physical 
properties,  3 ;  circumstances 
influencing  affinity,  4-21 ;  gra- 
vitation, 4  ;  cohesion,  4  ;  elas- 
ticity, 5 ;  adhesion,  7 ;  in- 
fluence of  mass  or  quantity  on 
affinity,  11 ;  mechanical  force 
may  modify  chemical  action, 
12  ;  contact  decomposition,  12  ; 
influence  of  heat  and  cold,  14  ; 
influence  of  light,  18  ;  influ- 
ence of  electricity,  18  ;  influ- 
ence of  vitality,  20  ;  degree, 
force,  or  energy  of  affinity,  21 ; 
affinity  measured  by  reference 
to  the  specific  gravity  of  bodies, 
21 ;  by  the  force  of  adhesion, 
20  ;  by  the  amount  of  force 
required  to  effect  the  decompo- 
sition of  a  compound,  22  ;  by 
the  time  of  combination,  24  ; 
by  combining  proportions,  24  ; 
by  the  electrical  condition,  26 

After  damp  211 

Agate,  amorphous  variety  of  si- 
lica  223 

Aggregation  3 

Aich  metal  456 

Air,  oxygen  and  nitrogen  in  .    .  .120 

ammonia  in  126 

carbonic  acid  in  124 

moisture  in  123 

nitric  acid  in  127 

organic  matter  in  127 

ozone  in  122 

sulphurous  acid  in  127 

Air,  weight  of  the  118 

specific  gravity  of  the  .    .    .  .118 

pressure  of  the  119 

average  temperature  of  the  .  .119 
warmth  of,  due  to  radiation  .  .119 

a  refractor  of  light  119 

a  mechanical  mixture  .    .    .  .119 

analysis  of  120 

alkaline  259 

atmospheric  118 

— history  118 

— properties  118 

— composition  120 

dephlogisticated  68 

empyreal  68 

fixed  or  mephitio  210 

hepatic  266 

inflammable  227 

— heavy  271 
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Air — continued. 

pure  68 

vital  68 

moisture  in  124 

pure  and  impure  126 

Alabaster   379,  383 

Albite   338,  443 

Albumen,  acid   796 

alkaline  796 

Albumen  in  blood  814 

Albumens  795 

derived  796 

Albuminates  796 

Albuminoids  or  proteids  ,    .    .    ,  794 

reactions  of  the  798 

Albuminose  821 

Alcohol  663 

allylic  667 

amylic   657,  667 

benzylic   669,  670 

butylic    ,    ,    .    ,  626,  657,  666,  704 

caproic  657 

caprylic  657 

cetylio  657 

cinnamic   657,  672 

cresylic   669,  672 

cumilic  669 

decatylic  657 

dimethyl  phenylic  669 

ethylic   657,  663 

— preparation    from  elements 

of  661 

— reactions  of  690 

heptylic  657 

hexylic  657 

lauric  657 

melissic  657 

methylic   657,  662 

— preparation  of  659 

nonylic  657 

octylic  657 

oenanthic  657 

pentylic  657 

phenylic   669,  670 

propargylic   657,  668 

propenyl  675 

propylic   657,  665,  693 

rutic  657 

sycocerylic  669 

thymylic   669,  672 

toluylic  669 

vinylic   657,  667 

xylilic  669 

Alcohol,  proportion  of  absolute,  by 
weight  in  100  parts  of  spirit 
of  diiferent  specific  gravities 

at  60°  F  839 

reactions  of  690 

an,  what  it  is  656 

acetification  of ...    .  586,  590,  700 

action  of  chlorine  on  93 

Alcohol  dehydrogenatum  (alde- 
hyde)  743 

Alcoholates  664 

Alcoholic  or  vinous  fermentation  .  579 
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Alcohols,  The  656 

division  of,  into  primary,  second- 
ary and  tertiary  658 

relation    of,    to    the  organic 

acids  697 

— to  the  haloid  ethers   .    .    .  .656 

— to  the  oxy-ethers  656 

— to  the  compound  ethers  .    .    .  656 

reactions  of  the  690 

cyanides  of  the  762 

dihydric   672 

aldehydes  of  the  747 

ethers  of  the  740 

ethylic  series  657 

vinylic  series  657 

benzylic  series  657 

cinnamic  series  657 

glyceric  series  657 

pyrogallic  series   ....    657,  677 
CnHan-sCOH)  series  .    .    .    657,  668 
CnK,j^_5(0H)  series  .    .    .    657,  675 
preparation    of    normal  pri- 
mary  659 

products  of  oxidation  of  pri- 
mary  659 

 secondary  659 

 ^tertiary  659 

saligenin  series  674 

hexhydric  678 

mercaptans  or  thio-  679 

monohydric  657 

—ethers  of  738 

tetrahydric  657 

trihydric  657 

— ethers  of  741 

supplementary  chapter  to  the    .  680 

Aldehyde  745 

acetic   744,  745 

acrylic  746 

alpha-toluic  746 

ammonium  745 

anisic  746 

benzoic    ....  670,  686,  717,  746 

butyric  744 

caproic  744 

cinnamic  747 

crotonic  746 

oumic  746 

cuprylic  744 

ethylic  745 

formic   .    744,  745 

glycolic  674 

green  759 

isobutyric  744 

isovaleric   744 

methylic  745 

oenanthylic  744 

oxalic  747 

palmitic  744 

paratoluic  746 

propionic   744,  748 

resin  of  745 

salicylic   675,  746 

sycocerylic  746 

valeric  744 
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ALIehydes,  The  743 

distinction  from  ketones  .    .  .749 

of  the  acetic  series  744 

of  the  acrylic  series  746 

of  the  benzoic  series  746 

of  the  dihydric  alcohols.  .  .  .  747 
of  series  (C^H^^COH).    •    •    •  747 

Aldol  745 

Aleraroth,  powder  of  493 

Alizarin   644,  783,  785 

Alkalamide  760 

Alkali  albumen  796 

Alkali,  volatile  259 

Alkali  waste    ....     172,  188,  358 
works,  red  liquor  of.     .    .   354,  358 
Alkalies,  action  of,   on  organic 

bodies  600 

metals  of  the  288 

as  disinfectants  689 

organic  —  the  natural  alka- 
loids  768 

— definition,  history,  natural 
history  ;  preparation,  proper- 
ties ;  action  of  heat,  of  light, 
of  electricity,  of  solvents,  of 
acids,  of  alkalies,  of  the 
haloids,  of  metallic  salts,  of 
nascent  oxygen  on  the  .  768-770 

Alkaline  air  _ .  259 

carbonates,  action  of,  on  organic 

matter  600 

earths,  metals  of  the     .    .    .  .374 
hydrates,  action  of  the  fixed,  on 

organic  bodies  600 

metals  339 

waters  246 

Alkaloids  750 

natural  768 

volatile  768 

tests  for  certain  of  the  ....  780 

of  vegetable  origin  760 

— extraction  of,  from  plants  .    .  772 

of  animal  origin  776 

— reaction  of  the  780 

constitution  of  the  777 

Alkarsin  764 

Allantoin  828 

Allotropism  61 

Alloxan   602,828 

AUoxantin  828 

Alloys  289 

changes  in  the  sensible  and  phy- 
sical properties  of  290 

changes  in  the  chemical  proper- 
ties of   291 

Allylamine  753 

Allylbenzene  640 

AUylene  633 

Allylpyridine  771 

Almonds,  artificial  oil  of  .  .  .  .  639 
Alum  works,  liquor  of  .    .    .   389,  441 

Alums,  the  440 

Alum  (potassic  aluminic  sulphate), 

438,  440 

Alum,  flour  441 
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meal  441 

silver  442 

cHGsium  442 

thallium  442 

indium  435 

ammonia  438 

soda  438 

selenium  440 

cake  440 

chrome    ....  412,  417,  440,  442 

common  441 

concentrated  440 

gallium  447 

iron   405,  410, 441 

manganese   398, 442 

— aluminium  398 

potash   438,440 

Eoman  442 

shale  441 

burnt  442 

Alumina  438 

Aluminates  439 

Aluminium  437 

history,  natural  history,  prepara- 
tion, properties ....  437-438 

compounds  of  438 

bronze   438,  456 

reactions  of  the  salts  of    .    .    .  446 

Aluminium  acetate  702 

bromide  438 

calcic  silicate  335 

chloride  438,  439,  589 

colloidal  439 

fluoride   438,440 

hydrate  439 

iodide   438,  440 

manganous  sulphate     .    .    .  .442 

methide  757 

nitrate  438 

oxide  438 

phosphate   150,  438,  442 

potassic  sulphate  ....    438,  441 

silicate   335,  437,  438,  440 

sulphate   438,440 

sulphide   438,440 

Amalgamation,  process  for  extrac- 
tion of  silver  530 

Amalgams   289,  539 

Amarine   755 

Amber   653,  654 

American  ash  348 

Amethyst,  crystalline  variety  of 

silicia  222 

Amides   733,  759 

acid  259 

of  monatomic  acids  .....  760 
of  diatomic  and  triatomic  acids  .  761 
primary,    secondary    and  ter- 
tiary  760 

constitution  of  760 

Amido-benzene  755 

Amidogen   258,  259 

Amido-paraiflns  629 

Amido-toluene  754 
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Amine,  ethyl  phenyl  756 

diethyl  phenyl  755 

Plienyl  755 

Amines,  The   629,  750 

Amines,  primary,  secondary,  and 

tertiary  75O 

Ammonia   258,  259,  368 

synonyms,  history,  natural  his- 
tory, preparation,  259  ;  pro- 
perties, 260. 
table  showing  the  percentage 
amount  of,  in  aqueous  solu- 
tions of  the  gas  of  various 

specific  gravities  838 

absorption  by  carbon  of    .    .    .  204 

in  air  126 

in  iron  rust  259 

in  rain  water  126 

from  coal  592 

bases  produced  by  the  action  of, 
on  the  chlorides  of  platinum  .  513 

carbonate  of  3  71 

hydrosulphate  of  370 

impurities  of  262 

molecule  of  42 

soda  process,  for  preparing  car- 
bonate of  soda  359 

solution  of   262  368 

Ammonides,  The  '  367 

Ammonio  -  phosphate  of  magne- 
sia  390 

Ammonium   258,  262,  376 

acetate  702 

aldehyde  745 

amalgam   262.  367 

bicarbonate   368,  371 

borate  '336 

bromate  368 

bromide   368,  369 

carbonates   ....     368,  371,  592 

chlorate   325,  368 

chloride   368,  369 

— abnormal  vapor  density  of  45,  369 

chromate  412 

compounds  with  platinum     .    .  513 

cyanate   607,  610 

cyanide    592,  607 

dichromate  412 

dithionate  326,  368 

ferrous  sulphate  409 

fluoride   368,  369 

heptasulphide   368,  370 

hydrate  368 

hydric  sulphate  ....  368,  371 
hydric  sulphide    .    .    .    .    368,  370 

hydrosulphate  370 

iodate  368 

iodide   368,  369 

iridic  chloride  518 

magnesic  phosphate  .    .    .   388,  390 

molybdate  317 

nitrate   368,  371 

nitrite    324,  368,  372 

oxalate   604,  720 

pentasulphide  370 


Ammonium — continued. 

perchlorate  3gg 

permanganate  '  395 

phosphate  164  372 

phosphomolybdate  '515 

platinic  chloride  ....    368*  511 

platinum  chloride  '359 

protosulphide  359 

purpurate  §29 

pyrophosphate  sgg 

pyrosulphite  368 

reactions  of  compounds  of     .    .  372 

silico  fluoride  368 

sesquicarbonate  ....  368,  371 
sodium  phosphate.  .  .  .  368,'  372 
sodium  sulphate  ....   368,  371 

sulphate   367,  368^  370 

sulphhydrate   368,  370 

sulphides     ,    .    .  368,  369,  370,  592 

sulphite  368 

sulphocyanide   592,  612 

sulphamate  I8O 

tartrates  723 

thiosulphate  368 

urate  831 

vanadate  504 

Ampere,  law  of  33 

Amygdalin  686 

Amylamine  753 

Amylbenzene  637 

Amylene  530 

Amylglycerin  675 

Amylic  acetate   703, 742 

Amyloid  (proteid)  798 

Amyloses,  The  687 

Analysis  and  synthesis  27 

Analysis,  organic  560 

Analcime   443 

Anatase  484 

Anethene  651 

Anglesite   520, 529 

Angostura  bark  774 

Anhydride,  definition  of  ....  28 

acetic  703 

antimonic  491 

antimonious  490 

arsenic  500 

arsenious  498 

auric   506, 507 

benzoic  714 

bismuthic   465, 466 

boric  219 

carbonic  210 

— decomposition  of,  by  plants  .  85 
chlorous,  non-existence  of .    .    .  96 

chromic  412, 414 

hypochlorous    .......  96 

hyponitrous  128 

iridic  518 

iodic  110 

lactic  709 

manganic   392, 395 

molybdic  515 

nitric  139 

— specific  gravities  and  percent- 
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Anhydride — cont  inued. 

age  strengths  of  various  solu- 
tions of  838 

— synonyms,  preparation  and  pro- 
perties   

nitrous  132, 133 

osmic  

permanganic   392, 395 

persulphuric  176, 187 

phosphoric  161 

phosphorous  loO 

ruthenic  

selenious  1^° 

silicic  222 

stannic  

sulphantimonic  494 

sulphantimoniouB     .....  494 

sulphuric  176,180 

sulpharsenic  ^01 

sulpharsenious  501 

sulphurous  

tartaric  T23 

telluric  1»7 

tellurous  

titanic  

tungstic  554 

uranic  ^"'■f 

vanadic  504 

Anhydrides,  The  244 

Anhydrite  383 

Aniline   592,639,753 

origin  of  name,  synonyms ; 
constitution,  755  ;  properties, 
uses,  756. 

tests  for  11 

dyes   757,758 

Animal  charcoal  801 

Animal  chemistry  794 

Animal  fluids,  nutrient    ....  803 

solids  799 

manganese  in  391 

Annatto   784 

Anorthite   335, 338 

Anthracene  ....  592,  596,  643,  717 
preparation,  properties  .    .    .  .643 

series  642 

Anthracite,  or  steam  coal .  198,  205, 206 

Anthrachrysone  716 

Anthraquinone  644 

Antichlor    ....  95,179,318,319 

Antimonates,  The   333,  491 

Antimonites,  The  ....  491,494 
Antimonic  chloride  ....    489,  493 

chlorosulphide  493 

fluoride  489 

oxide  489 

— hydrates  (acids)  of    ...    .  489 

oxy-chloride   489, 493 

sulphide   489,494 

Bulpho-trichloride  49H 

Antimonious  antimoniate     .    .    •  489 

anhydride  490 

argentide  489 

bromide  489 

chloride   489,492 
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Antimonious — continued. 

fluoride  Ton 

hydride  311.  f89 

indirip   4o9 

oxide  .    .    .    •  489,490,491 

oxychloride  

sulphide  4«9,493 

Antimoniuretted  or  antimonetted 

hydrogen  489 
Antimonoso-antimonic  oxide    .    .  491 

Antimony  ^87 

history,  natural  history,  prepara- 
tion,  properties,  uses  .    .    487,  488 

compounds  of  489 

reaction  of  the  salts  of  .    .    .  .494 

amalgam  ^^2 

amorphous  4°° 

butter  of  492 

chlorosulphide  of  493 

crude  1^1 

crystalline  48» 

glass  of  

grey  ore  of  488 

ochre  4°» 

pentachloride  of  49d 

pentasulphide  of  .    .    .    .    •    •  494 

regulus  of  488 

sesquioxide  of  490 

terchloride  of  .    .    .    •    ■    •  • 
tersulphide  or  sesquisulphide  ot .  49d 

vermilion  ^^3 

Antiseptic,  an,  what  it  is  .    .    .    •  58» 

Ants,  acid  present  in  700 

Antozone  „'  ?9 

Apatite   87,150,379,385 

Apocodeine  7b» 

Apomorphia  .  .  ...  •  •  •  7b9 
Aqua  fortis  (nitric  acid)  .    .    .  .14^ 

Aqua  lauro-cerasi  605 

Aquamarine  447 

Aqua  regia  14rf 

Aquates   •    •    •    •  -^4* 

Aqueous  vapor,  determination  o± 

in  air  -123 

table  of  the  tension  of,  expressed 

in  inches  of  mercury  •  •  •  •  8*5 
opacity  to  heat  .  .  •  •.  •  -240 
power  of  carbon  for  absorbing  .  203 

Arabin   580,  689 

Archil  and  Cudbear,  preparation 

of  7»d 

Argentic  arsenate  332 

SiL  :  : : :  : : :  ^^i^ 
:  ;  :  :  :  :  : 

carbonate  •  • 

chlorate   412 

"^C.t^ :    :  532,534 

SJS  :  532;  607 

cyanurate  

dichromate  Vi"! 

dithionate  •  • 

fluoride   532,  535 
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Argentic — continued. 

fulminate   608,  612 

hydrate  368 

hyposulphite  532 

iodate  532 

iofiide   532,  535 

mellonide  612 

metaphosphate  532 

filtrate   532,  536 

nitrite  532 

orthophosphate  532 

oxide   532,  533 

periodate  327 

permanganate  396 

peroxide   532,  533 

phosphate  532 

phosphide  532 

pyrophosphate  532 

selenite  196 

sulphantimonite  .    .     334,  494,  530 

suli^harsenite  334.  532 

sulphate   532,'  536 

sulphide   532,  536 

sulphite  532 

thiosulphate  318,  532 

Argentite  536 

Argentous  oxide   532,  533 

chloride   532,  534 

Argentum  vivum  538 

Argol  722 

Aricin   772,  773 

Arnicin  653 

Aromatic  series.  The  634 

Aromatic  plants,  action  of    ...  77 

Arragonite  384 

Arsen-dimethyl  764 

Arsen-monomethyl  764 

Arsenates,  The   331,  500 

Arsenic  498 

reactions  of  the  compounds  .    .  501 

Arsenic  acid   496,  500 

anhydride   496,'  500 

compounds  of  496 

sulphide   496,  501 

terchloride  of  502 

tersulphide  of  501 

trihydride  of  497 

white  498 

trioxide  498 

"  Arsenic  bloom  "  498 

Arsenical  iron  501 

nickel  495 

pyrites  [495 

soap  499 

Arsenicum  495 

vapor  density  of  ...    .     44,  495 
history,  natural  history,  prepara- 
tion, properties,  uses  .    .   495,  496 

Arsenides,  The  310 

Arsenide  495 

"  Arsenite  "  498 

Arsenites,  The  499 

Arsenious  acid   496,  498 

—solubility  of  499 

— varieties  of  498 


Arsenious  acid— contmued.  ^^^^ 

— antidotes  for  499 

— reactions  of  compounds  of  .    '.  501 

Pleitmann's  test  for  497 

Marsh's  test  for   ...    .    479',  503 

Reinsch's  test  for  '  503 

Hoffmann's  test  for  497 

anhydride   496,  498 

bromide  496,  502 

chloride  496,  502 

disulphide   496,  500 

fluoride  502 

hydride  ■  311,497 

— solid  497 

iodide  496,  502 

oxychloride  502 

pentafluoride   496,  503 

sulphide   496,  501 

Arseniuretted  or  arsenetted  hy- 

drogen  496,  497 

Arsine  497 

Arsines,  The  !    ."  763 

Artiads  or  evens   48  52 

Artificial  gum  689 

Asparagin  775 

Assamar  682 

Atacamite  460 

"Ate,"  the  termination    ....  29 

Atmolysis  230 

Atmosphere  as  a  natural  disinfec- 
tant  588 

Atmospheric  air  (See  Air). 

Atom,  definition  of  32 

Atomic  heat  46 

theory  31,  32 

weight  (definition  of)  ....  33 
Atomic  weight,  relation  between, 

and  specific  gravity   ....  44 

and  specific  heats  45 

— by  Avogadro's  law  38 

— by  specific  heat  46 

volume  44 

Atomicities,  table  of  51 

Atomicity  or  quanti valence  ...  47 
method  of  determining ....  49 
latent,  active,  and  absolute   .    .  52 

Atoms  32 

Atropine  775 

tests  for  781 

Aurates,  The  507 

Auric  anhydride   506,  507 

chloride  506 

cyanide  607 

hydrate   506.  507 

oxide   506,  507 

potassic  chloride  508 

sulphide   506,  508 

Auricome  249 

Aureus  chloride  507 

iodide  507 

oxide   506,  507 

Austrapyrolene  649 

Austraterebenthene  649 

Avogadro's  law  38 

apparent  exceptions  to  ....  38 
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\  ••.olitmine   783 

\zote  (nitrogen)   115 

V.otyl.   131 

chloride  and  bichloride  of .    .    .  148 

bichloride  (chloro-nitric  gas)    .  148 

chloride  (nitrous  oxychloride)  .  147 

v/.urite   453 


B. 

ISaldwin's  phosphorus  149 

Hall  soda  358 

Balsam  of  Peru  713 

Balsams  654 

Barilla  357 

Barium  374 

history,   natural   history,  pre- 
paration, properties  ....  375 

compounds  of  375 

spectrum  of  377 

reactions  of  the  compounds  of  .377 

bromide   375,  376 

carbonate   375,  377 

chlorate   375,  377 

chloride   375,  376 

chr  ornate  412 

dichromate  412 

dioxide  376 

dithionate    ....     189,  320,  375 

ferrate  407 

fluoride  375 

hydrate   375,  376 

iodide  375 

manganate  395 

molybdate  516 

nitrate   375,  377 

nitrite  375 

osmate  476 

oxide   14,375,376 

perchlorate  375 

permanganate  .......  396 

peroxide  (dioxide)    .    .  14,  375,  376 

persulphate  188 

phosphates  of  375 

pyrosulphate  375 

selenate  314 

silicofluoride  (fluosilicate)  257, 

336,  375 

sulphate   187,  37.5,  377 

sulphide   375,  376 

sulphite  375 

sulphydrate  376 

teUurate  197 

thioBulphate  191,  375 

vanadate  504 

Barometer,  table  of  the  correspond- 
ing heights  of  the,  in  milli- 
metres and  English  inches  .    .  843 
Baryta  (barium  oxide) .    .    .  171,376 
caustic  (barium  hydrate)  .    .    .  376 

water  376 

Baryto-calcite  338 

Basalt  443 

Base,  definition  of  a     ....  74,  294 


PAGE 

Bases,  action  of,  on  salts  in  solution  9 

varieties  of  _  •  294 

produced  by  action  of  ammonia 
on  the  chlorides  of  platinum  .  513 

effects  of  heat  upon  6 

Bassorin  689 

Batteries,  secondary  20 

storage  20,  526 

Baume's  hydrometer,  specific  gra- 
vities corresponding  to  degrees 

of   840,  841 

Bauxite   437,  440 

Bay  salt  355 

Beeswax  705 

Bell  metal   456,480 

Benzaldehyde  746 

Benzamide  760 

Benzene  .    .    .    274,  592,  595,  634,  638 
preparation,  properties  ....  638 

Benzenes,  The  634 

preparation,  properties  ....  635 

chlorides  638 

derivatives  of  639 

Benzerythene  638 

Benzoic  anhydride  714 

chloride  ;    .  .713 

oxide  714 

peroxide  714 

Benzol  (.see  Benzene). 

Benzoline  755 

Benzonitrile  762 

Benzophenone  642 

Benzoyl  chloride  713 

glycocoll  829 

Benzyl-benzene  642 

ethylbenzene  642 

metaxylene  642 

paraxylene  642 

toluene  642 

Benzylamine  753 

Berberine  776 

Berthelot,  law  of  maximum  work 

in  ther mo -chemistry  ....  17 
BerthoUet,  on  the  influence  exerted 

by  quantity  on  affinity  ...  11 

Beryl  447 

Beryllium  447 

aluminate  439 

aluminic  silicate  ....    335,  447 

bromide  448 

carbonate  448 

chloride  448 

fluoride  448 

hydrate  448 

nitrate  448 

oxide  448 

phosphate  448 

silicate   335,  448 

sulphate  448 

sulphide  448 

general  properties  of  .  .  .  .447 
reactions  of  the  compounds  of  .  448 

Bessemer  steel  process  401 

slag  504 

Bezoar  stones  (Oriental)  ....  823 
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Bicarbonates,  The  337 

Bichromates,  The  414 

Bile  822 

average  composition  of,  per  1,000 

parts  822 

Bilin  822 

BiliphEein  823 

Bilirubin  823 

Biliverdin  823 

"  Bin,"  "  ter,"  etc.,  the  prefixes  .    .  29 

Binary  theory  of  salts  292 

Binoxalates,  the  337 

"  Biscuit "  (earthenware)  ....  445 

Bismuth  464 

natural    history,  preparation, 

properties,  uses  464 

compounds  of  46.5 

reactions  of  the  salts  of  .  .  .  467 
sesquioxide  or  trioxide  of  .  .  .465 
subnitrate  or  trisnitrate  of    .    .  467 

trichloride  of  466 

Bismuth  glance   464,  467 

ochre   464,  465 

Bismuthic  oxide  465 

acid  465 

anhydride   465,  466 

hydrate   465,  466 

nitrate  465 

sulphate  465 

sulphide   465,  467 

Bismuthines  733 

Bismuthite  464 

Bismuthous  bromide  465 

bismuthate   465,  456 

chloride   465,  466 

fluoride  465 

iodide  465 

nitrate  467 

oxide  465 

oxy  bromide  465 

oxychloride  465 

oxyiodide  465 

sulphate  465 

sulphide   465,  467 

telluride   196,  464 

Bisulphates,  The  337 

Bitter  almond  oil  746 

Bittern,  the  mother  liquor  of  sea 

water   355,  389 

Bitumene  638 

Bixine  784 

Black  ash  358 

Black  band  399 

jack  422 

wash  543 

Black  coloring  matters    ....  786 

Blacklead  199 

Blast  furnace  400 

—gases  from  the  ...  .  208,  400 
Bleaching  powder   ....   328,  385 

Blende  171,  418 

Blister  copper  454 

Blood  803 


composition,  constitution,  804  ; 
properties,  805. 
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Blood — cnntinued. 

coloring  matter  of    .    .    .    399,  805 

liquor  sanguinis  813 

water  in  §14 

changes  in,  efiEected  by  respira- 
tion  81 

coagulation  of  the  807 

temperature  of  the  806 

specific  gravity  of  the  ....  806 

odor  of  the  806 

alkalinity  of  the  8U 

albumen,  fibrin,  fatty  matters, 
extractive    matters,  mineral 

matters  in  814-816 

average  composition  per  1,000 

parts  of  human  805 

free  gases  present  in  100  vols, 
of,  taken  from  the  carotid  of 

a  dog  804 

origin  of  the  809 

corpuscles  810 

average  composition  of  1,000 
parts  of,  and  of  liquor  san- 
guinis  805 

crystals  813 

Bloodstone   406 

Blue  coloring  matters  785 

copper  461 

copperas  461 

malachite  453 

stone  461 

verditer  462 

vitriol  461 

Bog  iron  ore  399 

Boiled  oil  732 

Boilers,  furring  in  585 

Boiling  points,  definition  of  .    .    .  237 
influence  of  pressure  on    .    .   ■.  237 


relation  to  molecular  weight .  .  47 
Boiling  point  of  water,  variations 


in  237 

Bolognian  phosphorus  .    .    .    149, 376 
Bonds,  Frankland's  views  of     .    .  46 
Bone,  properties  of  .    .    .    .    .    .  800 

action  of  heat,  of  water,  of  acids, 

of  burial  on  801 

Bone-ash  801 

Bone  black   199,  801 

Bone  calculus  385 

earth  832 

Bone  oil  80] 

Bones  of  a  child  and  an  adult, 
composition  of  the  healthy 

human  799 

of  different  mammals,  birds, 
fishes,  and  reptiles,  composi- 
tion of  799 

composition  of  certain  diseased  .  800 

Borates,  The  336 

Borax  (sodic  biborate)     .    .    .  -361 

Boric  bromide  220 

chloride  220 

ethide  ^66 

fluoride  220 

hydride  279 
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Boric — continued. 

methide  766 

nitride  218,220 

sulpMde  221 

Borides,  The  311 

Borneene  652 

Borofluorides,  The  221 

Boron  _  •  218 

history,  natural  history,  varieties, 
preparation,  properties  .    .  .218 

(amorphous)  218 

(crystalline)  218 

(diamond)  218 

(graphoidal)  218 

Boyle,  law  of  118 

Boyle  and  Mariotte,  law  of  ...  39 

pect  to  hydrogen  229 

Boyle's  fuming  liquor  370 

Brain  and  nerve  tissue     .    .    157,  803 

Brass  420,  429 

Braunite   391,393 

Braziline  785 

Bread-making,  alcoholic  fermenta- 
tion in  586 

Dauglish's  process  of    ....  586 

Brewer's  grains  585 

Brewing,  alcoholic  fermentation  in  585' 

Brimstone  171 

Brine  355 

Brin's  process  for  preparing  oxy- 


gen 


70 


Britannia  metal  480,  488 

British  gum  689 

Brittleness,  meaning  of    ...    .  282 

Brochantite  462 

Bromates,  The  325 

Bromethylene  274 

Bromides,  The  304 

definition,  natural  history,  pre- 
paration, varieties,  properties, 
304  ;  tests,  estimation,  uses    .  305 

oxy-  305 

Bromine   102 

preparation  by  process  of  Des- 

fosses  103 

hydrate  104 

compounds  with  oxygen    .    .  .104 

— with  chlorine  105 

— with  iodine  112 

estimation  of,  with  chlorine  and 
iodine  in  an  organic  body  .    .  567 

Bromoform  628 

Bromous  chloride  105 

Bronze   290,  480 

coinage  456 

powder  483 

Brookite  484 

Brown  coloring  matter     .    .    .  .786 

hajmatite  399 

iron  ore  399 

sulphuric  acid  182 

Brucine   774,  781 

Brunswick  green  460 

black  596 


PAGE 

Brushite  385 

Burgos  lustre  508 

Burgundy  pitch  653 

Burnett's  disinfecting  fluid  .   422,  589 

Butane  624 

Butters,  metallic  301 

Butylamine  758 

Butylbenzene  637 

Butylene  630 

glycol  672 

Butyrone  748 


C. 


Cacodyl  (kakodyl)  764 

Cadet's  fuming  liquid  764 

Cadmium  468 

history,  natural  history,  proper- 
ties, uses ;  compounds  with 
oxygen,  with  the  haloids,  and 

with  sulphur  468 

reactions  of  the  salts  of     .    .    .  469 
vapor  density  of     ......  44 

Cadmium  bromide   ....   468,  469 

carbonate  468 

chloride   468,469 

hydrate   468,469 

iodide   468,  469 

nitrate  468 

oxide   468,469 

sulphate   466,469 

sulphide   468,469 

Cfesium  366 

carbonate  366 

chloride  366 

hydrate  366 

nitrate  366 

oxide  366 

platinic  chloride  366 

sulphate  366 

— ^hydric  366 

Caffeine  774 

tests  for  781 

Cairngorm,  crystalline  variety  of 

silica  222 

Cajuputol  651 

Calamine  418 

electric  418,423 

Calcined  magnesia  388 

Calcite  384 

Calcium  379 

history,  natural  history,  prepara- 
tion  379 

compounds  of  380 

spectrum  of  386 

reactions  of  the  salts  of     .    .    .  386 

bromide  380 

carbonate    380,  384 

chlorate  351 

chloride   380,382 

— boiling  point  of  saturated  solu- 
tion  238 
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flisilipiH  A 
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OOUj  ooo 

880  881 
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OOv,  OOO 

335 

niolvhrlatif* 

516 

nit  rat  6 

380, 

385,  720 

oxide 

380,  381 

pentasulptiide 

380,  383 

380,  381 

359 

phospliLite 

164,  380,  385 

ptiospliide 

380 

notaiSsinm  flnl'nlm.tp 

380 

n  vrol  i  <^t\  n.tp 

.    .  598 

silicates 

335 

sodiuiTL  RiilnTiiitn 

380 

sulpliate 

380,  383 

sulphide 

380,  383 

95,  380 

an  1  "nTi  "h  T7rl  Tn  "f.o 

383 

super  ph.ospliat6 

385 

— solubility  of 

241 

tliiosulphate     .    .  . 

188, 

359,  380 

379,  384 

689 

Calico,  grass-bleaching  of 

.    .  590 

Calico-printing    .    .  . 

787 

Calomel  (mercurous  chloride) 

538,  542 

Calx  

68 

Camphine  (Boston  turpentine) 

.    .  648 

Camphol  

652 

589 

651 

653 

275 

383 

655 

430 

682 

Carbamide  

708, 

761,  826 

,  630 

762 

Carbides,  The  .... 

285,  310 

,    .  761 

.    .  680 

Carbolic  acid,  to  distinguish,  from 

kreasote   

Carbon   

synonym,  history,  natural  his- 
tory, 198  ;  varieties,  199  ;  pre- 
paration, 200,  201 ;  properties, 
201,  204. 
chemistry  of,  a  definition  of  or- 


ganic chemistry  557 

latent  heat  of  the  vapor  of  .  .  ig 
compounds  with  oxygen    .    .    .  208 

—  with  the  haloids  .    .    .    214,  272 

—  with  oxygen  and  the  haloids  .216 

—  and  sulphur  2I6 

— experimental  determination  of 

the  carbon,  hydrogen  and  oxy- 
gen in  an  organic  compound 
not  containing  nitrogen .    .  .363 
estimation  of  the  hydrogen  and 
carbon  in  a  body  containing 

nitrogen  564 

chemistry  of  carbon  and  its  com- 
pounds, (Laurent's  definition 
of  organic  chemistry)    .    .  .557 

specific  heat  of  200 

specific  gravity  of  201 

crystalline  form  of    .    .    .    •    .  201 
Carbon,  a  grouping  agent  in  non- 
nitrogenized  bodies    ....  559 
daily  consumed  as  food,  and  daily 

evolved  as  carbonic  acid     .    .  82 
consumed  per  hour  by  males  .    .  83 

of  gas  retorts   199,  200 

(amorphous)  200 

(or  carbonic)  dioxide    ....  201 

bichloride  of  214 

sesquichloride  of  215 

protochloride  of  -.215 

bisulphide  of  216 

tetrachloride  628 

monoxide  208 

Carbonates,  The  .334 

definition,  natural  history,  334  ; 
preparation,  properties,  tests, 
uses,  335 

double  338 

sulpho-  308 

Carbonic  acid  ....     210,  214,  592 
anhydride  210 


— synonyms,  history,  211  ;  na- 
tural history,  211  ;  preparation, 
211 ;  properties,  212-214  ;  tests  214 
— proportions  of,  in  the  air    .    .  125 
— produced,  and  air  vitiated  per 


hour   126 

— ^heat  developed  in  formation 

of,  from  carbon  l" 

— physiological  action  of  .    .  .212 

— dissociation  of  213 

— action  on  flame  of  214 

— absorption  coefficient  of  .    .    .  242 

chlorobromide  Sin 

dibromide  21  a 

dichloride  2]-> 

disulphide  4,  216,  592 
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!  arbonic — continued, 

monochloride  215 

—synonyms,  preparation,  pro 

perties  

oxide   208, 

— synonyms,  history,  natural 
history,  preparation,  208 ; 
properties,  209. 
— absoption  by  carbon  .... 
— absorption  coefficient  of .  .  . 
— physiological  action  of  .    .  . 

— ^hoemoglobin  821 

oxychloride  216 

oxysnlphide  217 

subchloride  or  hexachloride  .  .215 

tetrabromide  215 

tetrachloride  of  214 

tribromide  215 

trichloride  215 

arbonyl  chloride  216 

arboxyl  693 

arbnretted  hydrogen  .    .    .    271,  272 

armine  785 

amallite  340,344,389 

Jarragenin  689 

Carre's  ice-making  apparatus    .    .  260 

Carthamine  785 

Carvene  651 

Carvol  651 

Case-hardening   345,  402 

Casein  796 

Cassel    green    (barium  manga- 

nate)  395 

Cassiterite  478 

Castile  soap  735 

Cast  iron  400 

Castorin  653 

Catalysis,  an  assumed  new  force 

12,  13,  249,  584 

Caustic  potash  342 

soda  354 

baryta   376 

Cedriret  597 

Celestine  (strontium)  .    .    .    171,  378 

Cellulin   .  789 

preparation,  properties ;  action 
of  acids  ;  uses  ....    789,  790 

Cellulo-nitrin  790 

Cellulose  789 

Cements,  or  hydratdic  mortars  .    .  382 

Cement,  Roman  382 

Portland  382 

Scott's  382 

Centimetres,  to  reduce  cubic,  to 

cubic  inches  843 

Cerasin  689 

Cerebrin  803 

Ceric  fluoride  450 

hydrate  450 

nitrate  450 

oxide  450 

sulphate  450 

Cerin  698 

Cerite  450 

Cerium  449 
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Carotene   630,  657 

Cerous  chloride  450 

fluoride  450 

nitrate  450 

sulphate  450 

Ceruse,  or  white  lead  528 

Cerussite  520 

Cetene  630 

Cetin  734 

Chalcedony,  an  amorphous  variety 

of  silica   221,  223 

Chalcolite  431 

Chalk  384 

Chalk-stones  827 

Chalybeate  waters  410 

Chamber,  sulphuric  acid  ....  182 

Charcoal  198 

absorption  of  gases  by  ...  .  203 
— of  aqueous  vapor  by  ...  .  203 
as  a  disinfectant  ....    205,  589 

as  a  fuel   205,  208 

use  in  medicine  208 

animal   199,201 

vegetable   200,  205 

wood   199,  200 

for  gunpowder  .......  349 

Charles,  law  of    .......  40 

Chemical  action  (see  Affinity)  .    .  1 

combinations  1 

equations  31 

formulse  30 

homogeneity  2 

mixture  2 

nomenclature  27 

symbols  30 

Chemism   1 

Chemistry,  organic  556 

— definitions  of  556 

Chessylite  463 

Chili  saltpetre  360 

China  446 

China  clay  444 

China  stone  446 

Chinese  wax   698,  718 

Chinoline  754 

Chittin  686 

Chloral   665,  745 

Chloral  hydrate  745 

Chloralum   440,  589 

Chlorates,  The  325 

Chlor-aurates,  The  508 

Chloric  dioxide  99 

peroxide  99 

— synonyms,   history,  prepara- 
tion, properties  99 

Chlorhydrin  740 

Chlorheematin  812 

"  Chloride  of  lime  "  99 

Chlorides,  The  300 

definition,  natural  history,  pre- 
paration, 300  ;  varieties,  301  ; 
properties,  301  ;  tests,  302 ; 
estimation  and  uses,  303 

double  302 

oxy-   290-302 
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Chlorine  13,  88 

synonyms,  88  ;  history,  88  ;  na- 
tural history,  88  ;  preparation, 
88-90  ;  properties,  90-9i  ;  tests, 
94  ;  estimation,  94  ;  uses,  94. 

hydrate  7,  92 

monoxide  96 

compounds  with  oxygen    ...  95 

— with  iodine  112 

— with  nitrogen  145 

— with  nitrogen  and  oxygen  .  .147 

— with  oxygen  95 

— with  sulphur  191 

estimation  of  chlorine,  bromine, 

and  iodine  in  an  organic  body  567 
bleaching  power  of    .    .    .  93,  94,  98 

as  a  disinfectant  94,  95 

as  a  medicinal  agent  95 

vapor  density  of  90 

absorption  coefficient  of.    .    .    .  242 

action  on  metals  92,  94 

— ^hydrogenous  compounds    .    .  92 

Chlor-isatin   93,  785 

Chlorite  (an  aluminium  silicate)  .  443 
Chlorite,  distinction  between  a,  and 

a  hypochlorite  328 

Chlorites,  The  99,  327 

Chlorochromates,  The  .  .  .  316,  417 
Chloroform  .....  628,  629,  665,  745 

Chloro-nitric  gas  148 

— synonyms,  preparation,  proper- 
ties  '  ...  148 

Chloro-nitrous  gas  (nitrous  oxy- 

chloride)  147 

Chloropal  335 

Chloropernitric  gas  (nitrylic  chlo- 
ride) 148 

Chlorophyll   399,  786 

Chloropicrin  630 

Chloroplatinites,  The  512 

Chloro-platinates,  The  512 

Chlorostannates,  The  483 

Chlorotoluene  637 

Chlorozone  as  a  disinfectant .    .    .  589 

Choke  damp  210 

Cholesterin  672,  803,  833 

Cholin  803 

Cholopha3in  823 

Chondrin  802 

Chrom-amine  414 

Chromates,  The  315,  414 

definition,  tests  315 

Chrome,  alum  .    .    .    .     412,  416,  417 

iron  ore  411 

iron  slate  (stone)  411 

orange  416 

ochre  415 

red  416 

yellow  315,416 

Chromites,  The  413 

Chromium  411 

history,  natural  history,  prepara- 
tion, properties  411 

compounds  of  412 

reactions  of  the  salts  of    ...  418 


Chromium — continued. 

fluorides  of  412417 

sesquichloride  of  '413 

sesquioxide  of  -  413 

potassium  sulphate  .  .  .  412  417 
Chromic  anhydride  ....   412',  414 

chloride  412,' 416 

hydrate  412,  413 

nitrate  4^2 

nitride  412 

oxide  412, 413 

oxychlorhydrate  ....    412,  417 

oxydichloride  412, 417 

perfluoride  412, 417 

peroxide  412 

sesquisulphide  417 

sulphate  412,  417 

sulphide  412,  417 

Chromous  chloride  ....    412,  416 

carbonate  412 

hydrate  412, 413 

oxide  410, 412 

phosphate  412 

potassic  sulphate  412 

sulphate  412 

Chromous  salts,  action  of  nitric 

oxide  on  132 

Chromyl  414 

Chrysaniline  759 

Chrysene   592,  597,  688 

Chrysoberyl   439, 447 

Chrysoquinone  646 

Chyle  and  lymph  816 

percentage  composition  of .  .  .  817 
Cinchona  bark,  alkaloids  of  .    .   .  772 

Cinchonicine  772 

Cinchonidine  772 

Cinchonine  772 

tests  for  780 

Cinnabar   171,538,547 

Cinnamene   640,  717 

Citramide  .761 

Citrates,  The  725 

double,  The  338 

Citrimide  761 

Clark's  process  for  softening  water  385 

Clay   437, 443 

formation,  composition,  varieties, 

properties   443,  444 

Clay  iron-stone   399,  410 

Medway  382 

Coagulated  proteid  797 

Coagulation  of  the  blood  ....  807 

Coal  205 

composition  of  various  kinds  of  206 
amount  of  sulphur  in  different 

varieties  of  206 

anthracite  or  steam  coal    .    .    .  206 

ash  of  206 

burning  of,  in  close  vessels  and 
in  the  open  fire .    .    .    .   206,  207 

formation  of  205 

products  formed  by  the  action  of 

heat  on   206,592 

 by  the  distillation  of .    592,  593 
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Coal-gas   275,  593 

composition  of   275,  593 

liquor  595 

manufacture  of  593 

naphtha  595 

purification  of   276,  406 

Coal-tar  695 

— creasote  670 

— dyes  758 

Coarse  metal  (copper)  454 

Cobalt  424 

history,  natural  history,  prepara- 
tion, properties  424 

ammonium  compounds  of  .    .    .  427 

compounds  of  425 

reactions  of  the  salts  of    .    .    .  428 

arsenide  of  424 

arseno-sulphides  of  424 

protoxide  of  (cobaltous  oxide)  .  425 
sesquioxide  of  (cobaltic  oxide)  .  426 

silicates  of   425,  427 

vitriol  426 

tin  white   424,  495 

glance  495 

speiss  424 

Cobaltamines,  The   ...    .   427,  518 

Cobaltic  chloride   425,  426 

hydrate   425,426 

oxide   425,426 

sulphides   425,426 

Cobalticyanides,  The  614 

Cobalticyanogen  614 

Cobaltous  arsenate  425 

bromide  426 

carbonate   425, 427 

chloride   425,426 

cyanide  607 

fluoride   426 

hydrate  425 

iodide  426 

nitrate   425, 426 

oxalate   424, 425,  427 

oxide  425 

phosphate   425, 427 

silicate  427 

sulphate   425,  426 

sulphide   425,  426 

Cobalto-cobaltic  oxide  .    .    .   425,  426 

Cocaine  775 

Coccinite  546 

Cochineal  785 

Cocoa-nut  carbon  204 

Codeine   773,  774 

Cod-liver  oil,  iodine  in  106 

Coerulignone  597 

Cohesion,  attraction  between  simi- 
lar molecules  1 

modifies  chemical  action  ...  4 

Coke   199,  206,  207 

Colcothar   181, 405, 409 

Cold,  influence  of  heat  and,  on 

aflanity  I't,  15,  588 

Collidine  754 

Collodion  790 

Colloids   224,  240 


PAGE 

Colophene  649 

Colophony  653 

Coloring  matters  783 

— power  of  carbon  for  absorb- 
ing  204 

— used  for  glass  and  porcelain  .  364 

Colza  oil  711 

Combination,  atomic  and  mole- 
cular  36,  41 

laws  of  35 

molecular  36,  41 

volume  41 

weight  35 

Combining  proportions,  31;  alEnity 

measured  by  24 

Combustibles  276 

Combustion,  use  of  oxygen  as  an 

agent  in  84 

supporters  of  276 

slow  and  rapid  276 

Common  salt  355 

Compound  radicals,  chemistry  of 

32,  36,  58,1557,  605 
Compounds,  elements  and    ...  27 

Concrete  •    •    •  382 

Concurring  attractions  .  .  .12,  14 
Condy's  green  disinfecting  fluid 

316,  395 

red  disinfecting  fluid    ....  396 

Coniferin  687 

Conine   754,  770,  771 

Constant  proportions,  laws  of  .  .  35 
Constitution,  water  of  .    .    .    244,  337 

Contact  decomposition  12 

Converted  nitre   248,  360 

Convolvulin  687 

Copal   653,  654 

Copper  453 

natural  history,  preparation,  im- 
purities, properties,  uses,  453  to  456 
alloys  of  .  456 

amalgam  539 

ores  of  453 

glance   453, 461 

compounds  of  457 

— and  hydrogen  457 

— and  oxygen  457 

— and  chlorine  459 

— and  sulphur  461 

oxysalts  461 

reactions  of  the  salts  of     ...  463 

pyrites   171,  453,  461 

black  oxide  of  458 

chloride  of  460 

monoxide  458 

subbromide  of  460 

subchloride  of  459 

suboxide  or  red  oxide  of    .   457,  458 

subsulphide  of  461 

sulphate  of  461 

sulphide  of  461 

smelting  453 

smoke  454 

roasting   172,  454 

furnace,  gases  of  208 
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Copper — continued. 

action  of  water  on  228 

tile  454 

blistered  455 

dry   455,  458 

poled  455 

zinc  couple  603 

Copperas  ,    .  409 

Coprolites   150,  385 

Coquimbite  410 

Coral  384 

Coridine  754 

Corky  matter   789,  791 

Cornelian,  amorphous  variety  of 

silica  123 

Corrosive  sublimate  544 

Corundum  437 

Cotunnite  526 

Covellin  461 

Cream  of  tartar  .  .  351,  490,  722,  723 
Creasote,  to  distinguish  carbolic 

acid  from  671 

Creso]  (sec  Acid  cresylic). 

Creusot  ironworks  504 

Crith,  function  of  the  43 

Critical  point  212,  237 

Crocus  of  Mars  405 

Crookesite  550 

Crotonylene  633 

Crum's  test  for  nitric  acid    .    .    .  145 

Cryohydrates  8 

Cryolite   86,  440 

Crystallization  ;  fractional  ...  3 

water  of  244 

Crystallography  65 

Crystalloids   224,  240 

Crystals,  definition  of  65 

of  leaden  chamber    .    .    .    147,  182 

of  Serullas  101 

systems  of  65 

methods  of  preparing    ....  65 

Cubic  nitre  360 

system  of  crystals  65 

Cudbear,  preparation  of  ...  .  783 
Cumene  (mesitylene  of  coal  tar 

oil)   592,  595,  634 

Cupellation,  process  for  extracting 

silver  521 

Cupr'ammonia   456,  459 

Cuprammonic  chloride     .    .    .  .460 

sulphate  462 

Cupric  acetate  702 

arsenate   332,  457,  462 

arsenite  ....  334,  457,  462,  499 

bromide  460 

carbonate   457,  463 

chloride   20,  457,  460 

ferrocyanide   463,  613 

fluoride  hydrate    ....    457,  458 

hydrate  457 

hydride  457 

iodide  457 

nitrate   457,462 

nitride   310,  457, 460 

oxides   457,562 


PAGE 

Cupric — continued, 

oxychloride   457,  4U0 

oxysalts  4(;i 

pentasulphide   457,  H',\ 

phosphate   457, 403 

phosphide   457,  4  (]1 

selenide  194, 457 

silicate  457 

sulphate  ....  244,  457,  461,  589 
— compounds  with  ammonia  .   .  462 

sulphide   457,  461 

Cuproso-vinyl  oxide  275 

Cuprous  acetylide  275 

arsenide   457, 497 

bromide   457, 460 

chloride   20,  457,  459 

— absorption  of  carbonic  oxide 

by  210, 459 

— ^test  for  acetylene  275 

ferric  sulphide  461 

fluoride  457 

hydrate   457,  458,  463 

hydride  311, 457 

iodide   457,  460 

nitride  457 

oxide  457 

phosphide  457 

quadrantoxide  458 

sulphide   .  457,461 

Curds  818 

Currying,  mode  of  737 

Cusso  bark  772 

Cuttle  fish,  copper  in  blood  of  .    .  458 

Cyamelide  610,  611 

Cyanates,  The  610 

Cyanides,  The  608 

preparation  of  metallic  cyanide?, 
properties,  uses,  608,  609. 

double,  The  613 

tests  for   619 

Cyanine   784  785 

Cyaniline  757 

Cyanite  443 

Cyano-ethane  628 

Cyanogen   202,  604 

derivation,  history,  natural  his- 
tory, preparation,  properties, 

604,  605 

chlorides  of   60,  607,  609 

cyanides,  chlorides,  bromides, 
iodides,  sulphide,  and  hydr- 
oxides of  6('_' 

double  salts  of  613 

bromide  610 

iodide  610 

sulphide  610 

Cyano-methane   628,629 

Cyano-parafiins  629 

Cydonin  689 

Cymene   597,634,662 

Cymidine  

Cymylamine  ''^^'^ 

Cystine  8^1 

• 
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PAGE 

Dalton,  theory  of  32 

Dammar  resin  653 

Daniel's  hygrometer  1^-^ 

Dark  red  silver  ore  .    .    .    .    ;  .530 
Deacon's  process    for  preparing 

chlorine  

Dead  ore  

Dead  Sea  water  

DgC3*H6     •••••••***  D-^x 

Decay,  conditions  necessary  for    .  590 

Decene  

Decine  

Decipium  .• 

Decomposition,  artificial,  of  organic 

bodies  

contact  '■^ 
of  a  compound,  affinity  measured 
by  the  amount  of  force  re- 
quired to  effect  the    ....  22 

Deliquescence  •  ^'^'^ 

Density  of  bodies  increased  by  affi- 
nity  ^ 

maximum,  of  water  239 

Deodorizers  

Dephlogisticated  air  68 

marine  acid  gas    ......  88 

Dephlogisticated  nitrous  air  .    .    .  128 

Derbyshire  spar  86 

Desfosses'  process  for  the  prepara- 
tion of  bromine  10 

Destructive  distillation  .  .  .  .591 
Devitrification  of  glass  ....  364 
Dew,  analysis  of  (Russell)    .    .  .123 

point  123 

bleaching  action  of  77 

Dewar  on  liquid  oxygen  ....  73 
physiological  action  of  ozone     .  78 

on  hydrogenium  231 

Dextrin  689 

Dextro-glucose  684 

Dextrose  684 

Dhil  mastic  525 

••  Di,"  "tri,"  "tetra,"  etc.,  the  pre- 
fixes  29 

Diacetamide  760 

Diadelphic  or  methyl  type    .    .  .559 
condensed  or  define  type  .    .  .560 

Diallyl  633 

Diallylamine  752 

Dialysis   240,  576 

Diamagnetics  284 

Diamines   750,  754 

Diamond,  the  ...    .     198,  199,  200 

Diamylamine  752 

Diamylene  630 

Diaspore  438 

Diastase   581,  585,  689 

Diathermanous,  definition  of     .    .  356 

Dibenzyl  642 

Dibenzylamine  753 

Dibrom-anthra-quinone  .  .  .  .644 
Dibromobenzene  639 


PAGE 

Dibutyl  624 

Dibutylamine  753 

Dibutyraldine  771 

Dichlorethane  273 

Dichlorobenzene  639 

Dichlormethane  628 

Dicymylamine  753 

Didymium  450 

Didymic  oxide  450 

Didymous  chloride  450 

hydrate  "  450 

nitrate  450 

oxide  450 

sulphate  450 

Diethyl  624 

Diethylamine  752 

Diethylbenzene  634 

Diethyl  methylbenzene    ....  634 

Diethyl  phosphine  763 

Diffusion  2,  230 

of  gases   76,230 

of  liquids  240 

Diffusiometer  of  G-raham ....  230 
Digestion,  and  the  fluids  concerned 

in  the  process  819 

Dihydric  disulphate     .    ,    .    .  .183 

disulphide  269 

selenide  270 

sulphate  181 

sulphide  266 

tetrathionate  190 

trithionate  190 

Dimethylamine  752 

Dimethylbenzenes    ....    634, 636 

Dimethyl  phosphine  763 

Dinaphthyl  641 

Dinitric  pentoxide  139 

Dinitrobenzene  639 

Diorite  443 

Diopside  335 

Diothene  443 

Diphenyl   638,642 

Diphenylbenzene  646 

Diphenyl  methane  642 

Diphosphoric  tetrasulphide  .    .  .193 

Dippel'soil  801 

Dipropargyl  634 

Disinfectants,  natural  588 

artificial  588 

Disinfection  589 

Dissociation  15 

Distillation  233 

destructive  591 

fractional   3 

Disulpho-dithionic  acid    ....  190 

Dithionates,  The   189,  320 

Ditolyl  642 

Dixylylamine  753 

Dobereiner's  lamp  10 

Dodecane  624 

Dolomite   338,  389,  390 

Dolcrite  .  443 

Draconine  785 

Dragon's  blood  653 

Drying-oil  
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Dry  rot  791 

Dualistic  theory  of  salts   ....  292 

Ductility  of  metals  282 

Dulcin  679 

Duloite  679 

Dulcose  679 

Dulong  and  Petit,  law  of  .    .    .    .  47 
Dumas'  process  for  estimating  ni- 
trogen in  an  organic  body  .  .565 


"  Dunging  " 


788 


Dung  substitutes   362,  500 

Durkheim  springs,  csesium  and  ru- 
bidium in  the  360 

Dutch  liquid  273 

metal  9i 

Dyads  50 

Dyeing  and  calico-printing  .  .  .  787 
Dynamicity  47 


E. 


Earth,  constituents  of  the  solid 

crust  of  the  69 

Earthenware,  manufacture  of  com- 
mon  445 

Ebullition  237 

Efflorescence  244 

Eggshell,  composition  of  .    .   379,  384 

Elaldehyde  745 

Elastic  power  of  gases  237 

Elasticity  modifies  chemical  action  5 

Elayl  (ethylene)  272 

Elective  gravitation  1,  2 

Electric  calamine  418 

Electro  gilding  507 

negatives  2,  19 

positives  2,  19 

Electrical  properties  of  metals  .    .  283 

Electrolysis  18 

— laws  of  19 

of  water  233 

Electrolyte  18 

Electro  silvering  531 

Electrum  605 

Elements  and  compounds  ....  27 

Embolite   530,  534 

Emerald   335,  338,  447 

Emery  438 

Emetin  772 

Empyreal  air  68 

Emulsin  581 

Enamelling  glass  364 

Epsom  salts  389 

Equations,  chemical  31 

Equivalents  (Faraday)  19 

Erbia  451 

Erbium  451 

Eremaoausis,  or  slow  oxidation,  77 

81,  590 

conditions   necessary  for  pro- 
moting  590 

circumstances  influencing .  .  .  591 
Ergotin  653 
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Erythrite   657,666 

lethal   657,  733 

Ethane  624 

Ethene  (ethylene)    ....   592,  630 

Ethenyl  nitrite  695 

Ether  740 

allylic  .'738 

amylenic  740 

amylic  ".    ".  738 

benzylic  738 

boracic  766 

butylic  738 

ethylenic   740,  741 

ethylic  butylic   738 

ethylic  (ether)   738,  740 

glycylic  741 

methylic  738 

methylic  amylio  738 

methylic  ethylic  738 

phenylbenzylic  738 

phenylic  738 

propylenic  740 

Ethereal  salts  .    .    .  632,  661,  694,  742 

Etherene  (ethylene)  272 

Ethers.   The  738 

compound  742 

haloid  741 

sulpho-  or  thio-  741 

oxy-  738 

preparation  of  the  739 

— of  methylic  series  739 

— of  venylic  series  739 

— of  benzylic  series  739 

of  monohydric  alcohols  ....  738 

of  dihydric  alcohols  740 

of  trihydric  alcohols  741 

Ethine  (acetylene)  .    .     274,  592,  633 

Ethylamine   599,752 

Ethylamylamine  753 

Ethylbenzene  ....     634,  636,  637 

Ethyldimethylbenzene  634 

Ethylene,  or  heavy  carburetted  hy- 
drogen   272,  630 

synonyms,  history,  natural  his- 
tory, 272 ;  preparation,  proper- 
ties, 273 

diamine  755 

glycol  673 

action  of  palladium  on  .    .    .  .471 

bromide  274 

chloride  273 

iodide  274 

Ethylenic  butyrate  742 

cyanide  628 

isosulphocyanide  613 

nitrite  742 

oxalate   720 

oxide  741 

urea   755 

Ethylic  acetate   703,  742 

acetamide  760 

alcohol  {vide  Alcohol), 
aldehyde  {vide  Aldehyde). 

hydride   272,624 

sulphydrate  679 
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Ethyl  naphthalene  640 

phospMne  '^63 

Ethyloxide  740 

Eucalyn,  an  unfermentable  sugar  .  686 

Euohlorine  96,  102 

Eupione  

Eustatite  335 

Evens  or  artiads  52 

Everitt's  white  salt  ....  613,  618 
Excrementitious  products  of  the 

body  824 

Excretin  832 

Explosions,  theory  of  gunpowder  .  850 


F. 


FjEces  83-/ 

Fats  and  oils  731 

definition,  natural  history,  pre- 
paration, classification  .    .  .731 

fixed  and  volatile  731 

table  of  733 

Fat  of  the  bay  tree  698 

— cocoa  bean  706 

of  pichurim  beans  698 

otaba  698 

Fatty  acids,  supplement  to  the  .  .731 
Fatty  series  of  acids     .    .    .    696,  697 

Feathers,  copper  in  453 

Felspar   335,  338,  340,  443 

calcium  

lithium  443 

potash  443 

sodium  443 

Ferment  diseases  582 

Fermentation  578 

varieties  of  579 

conditions  necessary  to  produce  .  581 
circumstances  influencing .    .    .  583 
theories  to  account  for  ....  584 
practical  applications  of  the  pro- 
cesses of  585 

acetous  (so  called)  .  .  .  580,  586 
alcoholic  or  vinous  .    .    .    579,  586 

butyric  580 

lactic  acid   579,  586 

mucous  or  viscous  580 

Ferments  12, 581 

Fer  oligiste  399 

Ferrates,  The  407 

Ferric  salts,  reactions  of  .    .    .  .411 

Ferric  acetate  702 

acid   404,407 

anhydride   404,407 

bromide   404,  408 

chloride   404,407 

cyanide  607 

disulphide  408 

ferrocyanide  411, 617 

fluoride   404,408 

hydrate   404,406 

iodide   404,  408 

nitrate   405,410 

3 


FAGB 

Ferric — continued. 

nitride  404 

oxalate  720 

oxide   404,405 

phosphate   405,  410 

silicate   410 

sulphate  405,  410,  589 

sulphide   404,408,409 

Ferricyanides  616 

tests  for  the  620 

Ferricyanogen  614 

Ferrocyanides  614 

—tests  for  the  620 

Ferrocyanogen  614 

Ferroso  ferric  oxide  406 

—hydrate  407 

Ferrous  salts,  action  of  nitric  oxide  132 

reactions  of  410 

Ferrous  acetate  702 

bromide   404,408 

carbonate   405,  410 

chloride   404,407 

chromite  413 

cyanide  607 

ferricyanide  411, 617 

fluoride   404, 408 

hydrate   404,405 

iodide   404,  408 

nitrate   405,  410 

oxalate   405, 410,  720 

oxide   404,405 

phospha,te    ....  164,405,410 

silicate   335, 405, 410 

sulphate   405,409 

sulphide   404,408 

Fibrin   796,814 

Fibrinogen   795,  808 

Fine  metal  (copper)  454 

Fire  clay  444 

damp   211,  271,  629 

Fish  scales,  composition  of  .    .    .  800 

Fixed  air  210 

Flame,  chemistry  of  276 

Fleitmann's  test  for  arsenic  .    .    .  497 

Flesh,  composition  of  801 

juice  of  •  801 

Flint ;  amorphous  variety  of  silica  221 

Fluocerite  450 

Fluor  spar  (calcic  fluoride),  86,  379,  383 

Fluoricum  86 

Fluorides,  The  305 

definition,  natural  history,  pre- 
paration, properties  .    .    .  .305 

niobo-  306 

silico-  306 

stannico-  306 

tests,  estimation,  and  uses     .    .  306 

thoro-  306 

zircono-  306 

Fluorine  86,  87 

compounds  of  nitrogen  with  .  .145 
compounds  of  silicon  with    .    .  225 
Fluosilicate,  potassium    .    .    .  .257 
Fluosilicates,  The    .    .  257,306,336 
Fly  powder  496 

K  2 
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Force,  meclianical,  may  modify 

chemical  action  12 

vital,  so  called   influence  on 

chemical  action  20 

Force  1 

Formates,  The  701 

Formonitrile  762 

Formulas,  chemical  30,  572 

constitutional  34 

experimental  or  empirical     .  55-572 

graphic  48 

molecular  33,  573 

rational  or  theoretical  .    .    .    .  56 

glyptic  48 

Formyle,  chloride  of  629 

Fowler's  solution  ....  334,  500 
Fractional  precipitation  ....  3 

crystallization  3 

Frankland's    constitutional  for- 

muljE  48 

Franklinite  418 

Fruit,  ripening  of  792 

Fuller's  earth  443 

Fulminates ,  612 

Fulminating  gold  508 

silver  533 

mercury  542 

Furfuramide  755 

Furf  urine  755 

Furfurol  682 

Fusel  oil  657 

Fusible  calculus  832 

metal   4,  291,  464 

Fusibility,  alterations,  the  result 
of  chemical  action     ....  4 


Gadolinite  451 

Gahnite,  a  zincic  aluminate  .    418,  439 

Galactose   683, 685 

Galena   171,  520,  527 

silver  in  530 

Gall-stones  823 

Gallium  446 

history,  occurrence,  preparation, 

properties  446 

— reactions  of  the  compounds  of  447 

alum  447 

chloride  of  447 

oxide  of  447 

sulphate  of  447 

Gamboge  784 

Garnet  443 

Garnierite  429 

Gas,  the  word  adopted  by  Van  Hel- 

mont  118 

a  homogeneous  as  distinguished 
from  a  non-homogeneous  .    .  2 

carbon   199,  200,  693 

chloro-nitrous  147 

coal  Qsee  Coal  gas). 

fatiginosum  118 


Gas — continued. 

inflammable  227 

liquor  595 

marsh,  series  271 

olefiant,  series  272 

phosgene  18,  36,  216 

Pinque  ug 

pit  271 

siccum  118 

sylvestre  118,  131,  210 

water  210 

Gases,  relative  weights  of  com- 
pound and  elementary  ...  42 
power  of  carbon  for  absorbing  .  203 

absorption  of  7,  241 

adhesion  of,  to  solids    ....  10 

solubility  of  7,  241 

free,  in  urine  830 

diffusion  of   76,  230 

expansion  by  heat  of  ....  212 
liquefaction  of  ....  212,  237 
■ — relation  to  pressure  .  .  .  .212 
action  of  solvents  on  a  mixture 

of  248 

Gastric  juice  820 

composition  of  human,  per  1,000 

parts  820 

Gay-Lussac  tower  182 

law  of  (combination  by  volume)  41 

Gelatin  802 

and  chondrin,  ultimate  composi- 
tion of  802 

Gerhardt's  base  518 

"  Gerhardt's  base,"  chloride  of  .   .  513 

German  dried  yeast  581 

German  silver ....     420,  429,  456 

Geysers   223,241 

Gibbsite  488 

Gilding  507 

Glance,  cobalt  495 

Glass   363,  499 

varieties  of  363 

enamelling,  coloring,  painting, 

etc  364 

action  of  fluorine  on  ....  86 
devitrification  of  ...  .  363, 364 
composition  of  various  kinds  of  363 

potash  363 

soda  363 

window  363 

soluble  362 

plate  363 

crown  363 

gall  368 

Glauberite   338,379 

Glauber's  salts  356 

Glazing,  salt  446 

Globulin   795,811 

Glover's  Tower  182 

Glonoin  677 

Glucinum  (see  Beryllium)    .    .  .447 

Glucosan  684 

Glucose   680,684 

left-handed  685 

Glucoses,  The  684 


1 


INDEX. 


869 


PAGK 

lucosides,  The  686 

Glue  803 

marine  "^^ 

Glycerin   579,  657,  675,  737 

reactions  of  •    •  • 

series  "^5 

soap  

Glycerides,  Tlie  .    .  698,  705,  706,  734 

Glycerol  ^'^^ 

Glycocin  703,  823 

Glycocol  703,  802 

Glvcoffen  or  animal  starch   .    .    .  688 

Glycol   657,741 

amylene  ^'■^ 

butylene  672 

ethylene  672 

hexylene  672 

octylene  

propylene  672 

Glycols,  The   632,  672 

aromatic  6/4 

polyethylenic  674 

Glycyrrhizin  o»b 

Glyoxal    674,  747 

Gneiss  ■J*^ 

Gold  505 

history,  natural  history,  extrac- 
tion, properties,  uses  .    .    505,  506 

coinage   •  506 

compounds  of  (see  under  Auric 

and  Aureus)  506 

standard  506 

transparency  of  281 

reactions  of  the  compounds  of  .  508 

fulminating  508 

protochloride  of  507 

peroxide  or  sesquioxide  of     .    .  507 

suboxide  of  507 

terchloride  of  507 

Golden  hair  dye  249 

Goulard  water  703 

Graham's  sulphuric  acid  .    .    .  .183 
dififusiometer  and  law  of  diffu- 
sion  230 

Grains,  to  convert  into  grammes  .  843 
Grammes,  to  reduce  to  grains   .    .  842 

Granite  443 

Granulation  of  gunpowder  .    .    .  349 

Grape  sugar  684 

Graphic  or  graphitic  acid .    .    199,  203 

Graphite  199 

"Grass  bleaching"  590 

Gravitation,  definition  of  ...    .  1 
Gravitation  modifies  chemical  ac- 
tion  4 

elective  or  molecular    ....  1 

Green  salt  of  Magnus  513 

Green  vitriol  409 

Greenockite  468 

Greenstone  443 

Grey  antimony  ore  488 

Grey  powder  539 

Gros'  chloride  513 

Grossularia  

Grotto  del  Cane  212 


PAGE 

Grough  ^21 

Grove's  battery  5U 

Guaiacum  resin  65d 

Guanadine  77° 

Guanine  77b 

Guano  

Guignet's  green  414 

Gum  benzoin  71a 

Gum,  British  or  artificial ....  689 

reactions  of  690 

resins  654 

Gums  688 

Gun-cotton   790 

preparation,  constitution,  pro- 
perties, 790,  791  ;  decomposi- 
tion .    .   349,350 

Gun-metal  480 

Gunpowder,  349  ;  composition,  pro- 
perties   

theory  of  explosions  arising  from  350 

Gutta  percha  655 

Gypsum   171,  379,  383 

burnt  383 


H. 

H^matein  784 

H^matin  °13 

chloride  813 

Hasmatite,  brown  399 

red  .   399, 406 

Hsemato-crystallin  812 

H^mato-globulin  812 

Hsematoidin  813 

Hsematosin  81a 

Hsematoxylin  qio  Iiq 

Hfemin  crystals  812,  ol6 

Hsemocyanin  •    •  453 

Hsemoglobin    .....  82,  399,  798 
preparation,  properties .    .    •  812 

dyes'   525,  537 

Halogens,  or  haloid  elements    .    .  86 
generalisation  on  the    .    .    •    •  113 
Haloid  acids,  action  of,  on  organic 

matters  599 

elements  •,'    *  ooe 

—action  of  the,  on  the  metals  . 

 on  organic  bodies     .    .    •  600 

ethers  ^41 

salts  300 

—double  ^^^7 

Haloids,  general  review  of  the  com- 

pounds  of  hydrogen  and  the  .  258 
compounds  of  the,  with  nitrogen  145 

as  disinfectants  589 

Hardness  of  water  ' 

Harrogate  water  .  .  .  .  •  •  •  1^1 
Hartshorn,  spirit  of .    .    .    •  269,69b 

Hausmannite   •    aJi,  asJ 

Heat  modifies  chemical  action  .    .  14 

atomic   ' 

molecular  
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Heat — continued. 

specific   45,  283 

unit  of  45 

produced  by  the  combustion  of 
various  substances     ....  84 
Heat  and  cold  as  natural  disin- 
fectants  588 

Heated  (super-)  water  241 

Heavy  oil  595 

spar  171 

Hepar  sulpburis  346 

Hepatic  air  266 

Heptads  51 

Heptane  624 

Heptylene  630 

Herapatbite  769 

Hesperidene  651 

Heterogeneous  aflfinity  1 

Hexads  51 

Hexagonal  system  66 

Hexane  624 

Hexdecane  624 

Hexylene  630 

Hippurates,  The  714 

Hoffmann's  test  for  arsenic  .    .    .  497 

Hoffmann's  violet  758 

Homberg's  phosphorus     ....  149 

pyrophorus  442 

Homogeneity  2 

Homologous  Series  621 

Homoquinine  772 

Honey  stone  725 

Hops,  use  of,  in  beer  586 

Horn  596 

Horn-lead   88,  526 

Horn-mercury  88 

Horn-quicksilver  542 

Horn-silver   88,  530,  534 

Houzeau's  ozonometer  76 

Humboldtite  or  iron  resin    .    .  .410 

Humus  590 

Hyacinth   449 

"  Hydr  "  or  "  Hydro,"  the  prefix   .  30 

Hydrargillite  438 

Hydrargyrum  538 

Hydrates,  water  unites  with  bases 

to  form  244 

"  Hyd  c  Cret "  538 

Hydric  bromide  253 

chloride  250 

dioxide  (hydric  peroxide) .    .  .248 

fluoride  256 

hypochlorite  97 

iodide  255 

perchlorate  101 

peroxide  13,  248 

— synonyms,   history,  prepara- 
tion, properties,  248  ;  tests, 

249  ;  uses  250 

— a  powerful  oxidizing  agent    .  249 

persulphide  269 

phosphate  163 

phosphite  160 

Hydrides,  The   285,311 

Hydrocarbons,  The  ....   621,  623 


Hydrochloric  acid  251 

—synonyms,  history,  naturai 
history,  250 ;  preparation, 
250,  358  ;  properties,  251. 

(solution)  251 

— preparation,  properties  .  .  .  251 
absorption  co-efficient  of  .  .  .  242 
heat   developed   in  formation 

.of  16 

impurities  of  252 

preparation  of  pure  253 

action  on  the  metals  of    .    .    .  286 
table  showing  the  percentage 
quantities  of,  and  of  hydro- 
chloric acid  gas  contained  in 
aqueous  solutions  of  different 

specific  gravities  837 

Hydrogen  227 

absorption  co-efficient  of  .  .  .242 
absorption  of,  by  carbon   .    .  .204 

weight  of  229 

synonyms,  history,  natural  his- 
tory, 227  ;  preparation,  228  ; 

properties  229 

compounds  with  carbon  .  270,  277 
— with  the  haloid  elements  .    .  250 

 review  of  258 

— with  nitrogen  258 

— with  oxygen  233 

— with  phosphorus  263 

— with  silicon  278 

— with  sulphur  266 

estimation  of  the  hydrogen  and 
carbon  in  a  body  containing 

nitrogen  564 

experimental  determination  of 
the  carbon,  hydrogen  and  oxy- 
gen, of  an  organic  compound 
not  containing  nitrogen     .    .  563 
— nascent,  on  organic  bodies  .    .  602 
liquefaction  and  solidification  of  229 

molecule  34 

pyrophosphate  162 

bicarburet  of  638 

methane,  or  light  carburetted  .  271 
ethylene,  or  heavy  carburetted  .  272 

chloride  of  250 

peroxide  of  (hydric  peroxide)    .  248 
— heat  developed  in  the  forma- 
tion of  16 

gaseous  phosphoretted  ....  263 
— synonyms,  natural  history,  pre- 
paration, 263  ;  properties    .  264 
— produced  during  fermentation  579 
liquid  phosphoretted     ....  265 

solid  phosphoretted  265 

selenetted  (seleniuretted)  .    .  .270 

sulphuretted  266 

— synonyms,  history,  natural  his- 
tory, preparation,  266  ;  pro- 
perties, 267  ;  uses,  tests  .    .  269 

persulphuretted  269 

siliciuretted  278 

telluretted  370 

Hydrogenium   231,  284 
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92 


Hydrogenous  compounds,  action  of 
chlorine  on  

Hydrometer,  specific  gravities  cor- 
responding   to    degrees  of 

Baume's  • 

degrees  on  Twaddell's,  and  the 
corresponding  specific  gravi- 
ties   

Hydroquinone  

Hydroselenic  acid  

Hydrosulphides,  The    .    .    •    309, 337 

Hydrosulphurous  hydrosulphate  .  269 

Hydrosulphyl  'Z  l^l 

Hydroxides,  The   284,  299 

Hydroxyl   

Hydroxylamine  

Hydroxyl  ethene  

Hydroxylmethane  .... 

Hygrometers  

Hvoscyamine  

•'Hyper,"  the  prefix  .  .  . 
"  Hypo,"  the  prefix  .... 
Hypoantimonates,  The  .  . 
Hypochlorites,  The  .... 
Hypochlorous  oxide .  .  .  . 
Hypomolybdous  bromide  .  . 

chloride  515 

oxide  515 

Hypopalladous  oxide  4 '  1 

sulphide  

Hyponitrites,  The  325 

Hypophosphites,  The    .    .    .    160, 330 
definition,  preparation,  proper- 
ties .    .   330 

uses  in  medicine  331 

Hypophosphoric  acid  158 

Hypsometric  thermometers  .    .  . 

Hyposulphates.  The'  

Hyposulphites,  The  (see  Thiosul- 
phates). 

Hypotungstous  bromide  ....  554 

chloride   554 

iodide  554 

Hypovanadic  chloride  504 

oxide  504 

Hypovanadous  chloride  ....  504 
oxide  504 

Hypoxanthin  •    •  776 


India-rubber  655 

vulcanized  655 


840 


841 
675 
270 


248 
263 
663 
662 
123 
776 
30 
30 
491 
328 
,  96 
,  515 


237 
189 


653 


686 
461 
785 
434 


Indian  ink  . 

Indian  yellow  ^84 

Indican  

Indifferent  oxides  •    •  74 

Indigo.   755,  783 

preparation  or  

blue  

copper  

white  

Indium  

history,  natural  history  ;  extrac- 
tion ;  properties    .    .    .    434, 435 
reactions  of  compounds  of  .    .    .  436 

atomic  weight  of  4:34 

alum  *35 

chloride  

hydrate  485 

nitrate  

oxide  

sulphate  

sulphide  a.k  lH 

sulphite  

yellow  oxide  of  436 

ine  "  and  "  in,"  the  terminations  28 
Inflammable  air  or  gas  .  .  .  227,  271 
Ink,  composition  of  ...    .    410,  737 

blue  sympathetic  426 

Inosite,  or  sugar  of  muscle  686,  801,  803 

Intestinal  juice  §23 

Inulin  starch  687 

lodates.  The  

Iodides,  The  

definition,  natural  history,  pre- 
paration, properties,  303 ;  tests, 

estimation,  uses  304 

oxy,The   296,304 

Iodine  ,•    •    •  • 

preparation,  Wollaston's  process  10b 
— Bmil  Bechi's  process  ....  107 

— Stanford's  process  107 

compounds  with  starch ....  109 
estimation  of  chlorine,  bromine, 
and  iodine  in  an  organic  body 
action  of,  on  organic  bodies  .  . 

Iodoform   627, 

lodopropane.  ,  

Ions  

Ipecacuanha 


688 
325 
303 


567 
601 
628 
626 
19 
772 


"  Ic,"  the  termination  .....  29 
Ice,  absorption  of  heat  by,  in  be- 
coming water  236 

Iceland  spar  ;    •  ' 

Ice-making  apparatus  (Carre's).    .  260 

"  Ide,"  the  termination  28 

Illuminating  agents,  air  vitiated  by  1 26 

Imides,  The   258,760 

Imidogen  .•  258 

Inches,  to  convert  cubic,  into  cubic 

centimetres  ^43 

to  convert,  into  millimetres  .    .  843 


Iridic  anhydride  tin 

chloride  llx 

dioxide  51» 

hydrate  518 

iodide  518 

osmide  509 

sesquichloride  51o 

sesquioxide  518 

sulphide  518 

Iridium  ,  i.-  ' 

history,  derivation,  natural  his- 
tory, preparation ;  properties, 

517,  518 

compounds  of  518 

black  518 
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Iridmm  spongy  518,  519 

Iridous  chloride  51  g 

o^de  518 

sulphide  5J8 

Iron  398 

history,  natural  history  ;  pre- 
paration ;  impurities  ;  proper- 
ties   328-40i 

compounds  of  {see  Ferrous  and 

Ferric)  404 

—with  oxygen  .'405 

— with  chlorine  407 

Iron,  calcination  of  399 

puddling,of  !    !    !  401 

refining  of  401 

roasting  of  399 

smelting  of  '    .  400 

welding  of  '.    '.  403 

Iron  alum  '   405,  410 

bar  402 

cast,  composition  of  401 

dialyzed  !    '.  406 

galvanized  42o 

glance  !    !    !  399 

grey  401 

meteoric  393 

mottled  ]    '  401 

ores  399 

passive  state  of  404  410 

power  of,  to  absorb  gases  .    .    .'  284 

pyrites   171,399,408 

™st   403,406 

scales  406 

slag.  !   400,  410 

specular  40g 

stone  (siliceous)  399 

tenacity  of  282 

white  .'   ."  401 

wrought   '  403 

Iron,  black  oxide  of  .....  406 

carbide  of   '  401 

cold  blast   401 

hot  blast  "  400 

magnetic  oxide  of  .    ,     403,  404,  406 

nitrides  of  404 

oxychloride  of  '  407 

oxy -salts  of  407 

perchloride,    sesquichloride  '  or 

trichloride  of  407 

per-salts  of  406 

— reactions  of  !  411 

persulphate    or  sesquisuiphate 

of  410 

protocarbonate  of  410 

protochloride  of   .    ..."    '  407 

proto-salts  of  405 

— reactions  of  410 

protosulphate  of  409 

protosulphide  or  sulphide  of  .  .408 

protoxide  of  405 

red  oxide  of  405 

sesquioxide  or  peroxide  of  .  .  405 
silicates  of  410 

spathic  ore  410 

vitriol  409 


Ironmould  ^^Qg 

Iron  resin  or  Humboldtite   .'   ."  "410 

  79,  93,  785 

Isinglass  

Isoamylbenzene  634 

Isoamyldimethylbenzene  .    !    !    !  634 

Isoamylmethylbenzene  634 

Isobutylbenzene  .634 

Isocyanides   ' 

Isologous  series  [  622 

Isomerism   59 

Isomorphism  ]  61 

Isoparaifin  '  626 

Isoprene  *.   '.   '.    ".!  655 

Isopropylbenzene  '634 

Isopropyldimethylbenzene    .    .  .634 

Isopropylmethylbenzene  ....  634 

"  Ite  "  and  "  Ate,"  terminations.    .  29 

Ivory  black  199 


J. 


J alap  resin  653 

Jargonelle  pear,  artificial  essence 

of  703 

J asper,  amorphous  variety  of  silica  223 
J ewellers'  rouge  405 


Kakodyl  764 

chloride  765 

cyanide  765 

dioxide  765 

disulphide  765 

iodide  765 

oxide  765 

sulphide  765 

trichloride  765 

Kalium   .  340 

Kaolin,  a  white  clay    .    .    .    444,  446 

Kapnomor  597 

Kelp,  or  varec,  ash  of  sea-weed, 

106,  344,  357 

Kerarg.yrite   530,  534 

Kermes  mineral  493 

Ketone,  dimethyl     ....    748,  749 

methyl  ethyl  748 

— isopropyl  748 

— propyl  748 

—butyl   748, 749 

— isoamyl  748 

diethyl  748 

dipropyl  748 

ethyl  propyl   .  748 

Ketones,  the   623,  748 

constitution,  748  ;  preparation, 

properties,  and  reactions    ,    .  749 
distinction  from  aldehydes    .    .  749 

Kieserite  389 

King's  yellow  501 


1 
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Klumene  2«1 

Kobellite  HI 
Ivolbe's  classification  of  alcohols  .  65» 
Koumiss,  fermented  mare's  milk  .  58b 
Kreasote,  coal  tar    .    .    •    •    •  • 
to  distinguisli  carbolic  acid  trom 

K.Xf.  :::::::  nej«; 

Creatinine  776,  8Ul 

Kryolite  

Kupfernickel  


Labarraque's  fluid  •••••„; 
Labradorite  


Lac 


589 
443 
653 
653 


PAGE 


Lac  dye  

Lacquer  

Lactamide  

Lactide  •  • 

Lactin  or  lactose  " ' 

Lasvoglucose  

Lsevulosan  

Lsevulose   .  bSo 

natural   history,  preparations, 

properties  

Lagoons ■    •  ^  ioq  704 

Lakes  (pigments)    ....  ^39,784 

Lampblack  Ion' ^9? 

Lana  philosophica    ....   1^^,  4/1 

Lanarkite  

Lanthanum  

Lanthanous  chloride  4oji 


709 
683 
685 
685 


685 
219 


hydrate 


452 


oiide  

nitrate  

sulphate  

Lapis  lazuli  !oq 
LaugHng  gas  (nitrous  oxide)   .  .1^8 

Laurite  

Lazulite  

Lead  520 

history,  natural  history,  prepara- 
tion, impurities,  purification 

520-523 

action  of  air  upon  522 

—of -water  upon  .  .  .  •  •  522 
 of  waters  containing  silica 

upon  522 

compounds  of  (see  Plumbic  and 

Plumbous  salts)  523 

—lead  and  oxygen  521 

—  of  lead  and  sulphur  .  .  .  .'527 
extraction  of  silver  from  .    .    .  521 

properties  of  521 

reaction  of  the  salts  of  ...    •  529 

acetate  of  528 

carbonate  of  528 

chlorosulphide  of  527 

chromate  of  •    •  ' 

impurity  of  sulphuric  acid  .  •  lo* 
oxychlorides  of  526 


Lead — continued. 

oxy-salts  

protosulphide  of  .    .  . 
protoxide  or  monoxide  of 
puce  or  brown  oxide  of  . 
pyrophoric 


527 
527 
524 
525 
6 


red  ore  of  fj.^ 


shot 


496 


suboxide  of  524 

subsulphide  of  5Z7 

sugar  of  "^i^ 

sulphochlorides  of  "^3 

uges  523 

Lead,  brown  oxide  525 

tard  521 

plaster  ^drf 

red  525 

soft  521 

vitriol  528 

white,  preparation  of    .    .    .    •  528 

Leather  ^^^'lol 

Leaven  586 

Leaves,  coloring  matter  of  .  .  .  399 
Leblanc's  process  for  manufacture 

of  sodium  carbonate  357 

Lecithin  •    •  • 


Legumin . 


796 


Lepidolite   365,366,443 

Leucine   705,  802 

Leucite  ^40 

Leucoline  •  '    '  c  070 

Leukon  or  silico-f  ormic  acid .  226,  279 
Libavius,  fuming  liquor  of  .    .    .  482 

Libethenite  •    •  ^63 

Lichen  starch  b»s 

Liebigite  .*    '  ' 

Light,  influence  of,  on  affinity  .  .  1» 
action  of,  on  nitric  acid  .  .  .  143 
— organic  bodies  ....    588,  603 

— phosphorus  154 

Lignin  789 

Lilnite   205,206 

Lime,  uses  of  ^81 

slaked  •■ 

chloride  of  328,  386 

kilns  •  211,381 

milk  of  381 

air  slaked  

water  381 

as  a  disinfectant  .    .    .    •    •    •  589 
Limestone   379,  381,  d84 

Limonite  *    '    "  «An 

Liquid  anibar  orientale    .    .    .  • 
Liquids,  solubility  in  water  of  .    .  241 

diffusion  of  i    '  o 

homogeneity  in  the  case  of    .    .  o 

Liquor  arsenicalis  334 

sanguinis.    .    .    •    •    •    •  • 
Litharge  (plumbic  oxide)     .  . 

SJSum:  :::::::  308,365 

history,  natural  history,  prepara- 
tion,  properties,  uses  ....  365 

compounds  

— reactions  of  the    .    .  • 


813 
524 
365 


365 
366 
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Lithium — continued. 

carbonate  36 

chloride  365 

dithionate  365 

fluoride  365 

hydrate    .  365 

iodide  365 

nitrate  365 

oxide  365 

perchlorate  ...    i    ...    .  365 

phosphate  365 

spectrum  of  366 

sulphate  .  365 

I^itmus   783,  785 

Live  lime  381 

Liver  of  sulphur  346 

Loadstone   399,  406 

Loam  444 

Logwood  784 

Lucifer  matches  157 

Lugol's  solution  108 

Luminous  paints   377,  383 

Lunar  caustic  536 

Lupuline,  use  of,  in  beer  ....  586 

Lustre,  metallic  281 

Luteo-cobaltic  chloride    .    .    .  .427 

Luteoline  784 

Lutidine  754 

Lymph  and  chyle  816 

percentage  composition  of     .  .817 


M. 


Madder,  preparation  of    ....  783 

Magenta   757,  758 

Magistral  53O 

Magnesia  (magnesic  oxide)  .    .    .  388 

alba  390 

calcined  388 

usta  388 

Magnesian  limestone  386 

Magnesite  390 

Magnesium  386 

history,  natural  history,  prepara- 
tion, properties,  uses  .    .   386,  387 

compounds  of  388 

Magnesium  aluminate  439 

ammonium  arsenate  388 

— carbonate  390 

— chloride  380 

—phosphate   388,  390 

arsenate   332,  388 

aurate  507 

borate   336,  338 

boride   276,  279,  388 

bromide   388,  389 

calcic  carbonate  390 

carbonate   388,  390 

chloride   388,  389 

fluoride   388,  389 

hydrate  388 

iodide   388,  389 


Magnesium — continued. 

nitrate  ggg 

iiitride   310, 388,  .889 

o^i'ie  .   

oxychlondes  339 

phosphate   388, 390 

potassic  carbonate  399 

— chloride  339 

— phosphate  399 

— sulphate  399 

— silicide  '388 

pyrophosphate   388,  390 

silicates   335,  388,  390 

sodic  fluoride  339 

— phosphate  390 

sulphate   388,  389 

sulphide   388,  389 

sulphydrate   388,  389 

Magnesium  light  387 

Magnetics  and  diamagnetics    .    .  284 
Magnetic  oxide  of  iron     ....  399 
properties  of  metals      ....  284 

pyrites  409 

Magnetite  406 

Magnus's,  green  salt  of    ....  513 

Malachite   453, 463 

Malamide  761 

Malimide  (?)  761 

Malleability  of  metals  282 

Malting  585 

Manganates,  The  316,  395 

definition,  preparation,  proper- 
ties, uses  316 

Manganese  391 

history,  natural  history,  prepara- 
tion, properties,  uses  ....  391 

compounds  of  392 

— reaction  of  the  398 

alum   392, 398 

aluminium  alum  398 

blende   391, 397 

binoxide,  peroxide  or  black  oxide 

of  394 

red  oxide  of   392,  393 

sequioxide  of  393 

spar   391,  397 

Manganic  acid   392,  395 

anhydride  392 

chloride   392,  397 

hydrate  393 

oxide  (sesquioxide)  392 

oxides   391,  392,  393,  394 

oxychloride   392,  397 

perchloride  392 

perfluoride  392 

peroxide  392 

— regeneration  of  395 

sesquioxide  392 

sulphate   392,  398 

sulphide   392,  397 

tetrachloride  397 

Manganite  393 

Manganites,  The  394 

Manganosite  393 

Manganous  bromide  392 
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ManjranoTis — contimted. 
carbonate     ....  391,392,397 

chloride   392,394,396 

chTOinite  

dithionate    ....  189,320,392 

fluoride  „• 

hydrate   392,393 

iodide  •    •  392 

nitrate   392, 898 

oxide   392,393 

silicate  ^^r}.'lJ, 

sulphate   392,  394,  397 

sulphide  *'^'^> 

Alanuite   579,  580,  657,  678 

preparation,  properties         .    .  678 

SlarUe   379,  381,  384 

artificial  384 

Marcasite  

Margarin  7d4 

Marine  acid  jyji 

glue  655 

Mlrl  444 

^lars,  crocus  of  

Marsh  gas  no  coo 

action  of  chlorine  on.    .    .     93,  b^a 

— series  or  paraffins  624 

-type.  48,58 

Marsh's  test  for  arsenic    .    .   497,  503 
Mason's  wet  and  dry  bulb  thermo- 
meters  123 

Mass  or  quantity,  influence  of,  on 

aSinity  l-*- 

Massicot  (plumbic  oxide)     .    524,  525 

Masson's  patent  587 

Mastich  653 

Mat  (copper  coarse  metal)    .    .    .  454 

Matches,  safety  157 

Mauve  (aniline  purple)  .  .  757,  758 
Maximum  work,  law  of    ....  17 

Meadow  bleaching  77 

Meadowsweet  602 

Measures  {see  Metric  System). 
Mechanical  and  chemical  mixtures  2 
Mechanical    force    may  modify 

chemical  action  12 

Meerschaum  390 

Melampyrite  679 

Melene  630 

Melissine   630,  657 

Melitose   680,  683 

Melizitose   680,684 

Mellone  612 

Mellonides,  The  612 

MendeleefiE's  law  of  periodicity     .  52 

Mendipite  526 

Menthene  651 

Mephitic  air  210 

Mercaptans  or  thio-alcohols,  661, 

679,  741 

Mercuramine  542 

Mercuric  ammonium  chloride  540,  545 

bromide  540 

carbonate  541 

chloride  540 

chromate  542 


PAGE 

MeTcxiiic—ooJitimed. 

cyanide  

ethide  

mellonide  

mercaptide   _ 

methide  

SS:  :  :  :  :  3^541, 542, 

oxide  l^'^^^'^ll 

oxy-chlorides  

phosphate  l.-iKAa 

sulphate   541,  548 

sulphide   540,  547 

sulphocyanate  •••••••  "i^ 

Mercurous  bromate  ....  o^o, 

bromide  540 

carbonate  540 

chlorate  l.A  llto 

chloride   540,542 

— dissociation  of  548 

fluoride  liX 

iodide  •  540,546 

nitrate   540,549 

oxide   540,548 

perchlorate   327,  540 

phosphate  r<a 

sulphate   540,  548 

sulphide  540,  547 

Mercury  •    .  .  558 

history,  natural  history,  extrac- 

tion,  properties,  uses  .    .  588-540 
action  of  air  and  water  on     .    .  5d8 

color  of  the  film  of  538 

reactions  of  the  salts  of     .    •    •  54y 

compounds  of  540 

—chlorine  with  54^ 

—iodine  with  54b 

—sulphur  with  -547 

vapor  density  of   ....  44.538 

biniodide  of  ^46 

black  or  grey  oxide  of  .  .  .  • 
chloride,    bichloride,    or  per- 

chloride  of  "44 

fulminating  

green  iodide  of  

Hahnemann's  soluble    ■    •    •    •  ^V] 

nitric  oxide  of  541 

nitride  of   „ 

oxy-salts  of  

protonitrate  of  

red  iodide  of  54b 

red  oxide  of .    .    .    •    •  .  •    •  • 
subchloride  or  protochlonde  of  .  54/ 

subsulphide  of  •    •  ° 

Mesitylene    634  635 

Meso  paramn  

"  Meta,"  the  prefix  

Metaldehyde  '1° 

Metallic  butters  ^^j- 

oils  

Metalloids,  The  ^' 
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Metals  280 

absorption  of  gases  by  ...    .  284 

alloys  of  the  289 

brittleness  of  the  282 

chemical  properties  of  the     .    .  284 

classification  of  the  288 

conductivity  (electrical)  of,  283,  291 
crystalline  forms  of  the    .    .    .  281 
derivation,  definition,  order  of 
discovery,  natural  history  .    .  280 

ductility  of  the  282 

elasticity  of  the  ....  281,  290 
expansion  by  heat  of  the  .  .  .  283 
fusibility  of  the  .  .  .  .  283,  296 
general  remarks  on  the  .  .  .  339 
hardness  of  the    ....   281,  290 

lustre  of  the   281 

magnetic  properties  of  the    .    .  284 ' 

malleability  of  the  282 

opacity  of  the  281 

property  of  transmitting  light  .  281 
sensible  and  physical  proper- 
ties  281 

sonorousness  of  the  .  .  .  281,  290 
specific  gravity  of  the  .  .  282,  290 
tenacity  of  the     ....   282,  290 

texture  of  the  281 

volatility  of  the  283 

welding  of  the  283 

Metals,  action  of  acids  on  the  .    .  286 

— of  boron  on  the  285 

— of  carbon  on  the  285 

— of  haloid  elements  on  the  .  .285 
—of  hydrogen  on  the  .  ,  .  .285 
—  of  nitrogen  on  the    .    .    .  .285 

— of  oxygen  on  the  284 

—of  phosphorus  on  the  .  .  .  285 
— of  selenium  on  the    ....  285 

— of  silicon  on  the  285 

— of  tellurium  on  the  .    .    .  .285 

—of  water  on  the  286 

Metamerism  59,  60 

Metantimonates,  The  491 

Metapectin  690 

Metaphosphates,  The   .     162,  165,  330 

Metastannates,  The  481 

Metaterebenthene  649 

Metatungstates,  The  554 

Metaxylene  634 

Meteoric  iron  227 

(Lenarto)  231 

Meteorites,  gases  in  ...    .   227,  271 

nickel  in  429 

Methsemoglobin  813 

Methsematin  813 

Methane  or  light  carburetted  hy- 
drogen   271,  624,  629 

synonyms,  history,  natural  his- 
tory, preparation,  271  ;  pro- 
perties, 229. 
decomposition  by  heat  of  .    .    .  15 

Methenyl  chloride  629 

Methyl  622 

carbinol  .  ,  663 

cyanide    .  ' .    .    .    .     628,  629,  695 


Methyl — continued.  ^^^^ 
diethyl  carbinol  .    .    .  ggg 

^^Y.  624 

— ketone   ggg 

ethylamine  '  ' 

ethyl-phenylamine  .    .    .    .    ,  753 

glycocin  .'   .'  708 

Methylamine  662"  752 

Methylbenzene    •    •    .    .    .  6341639 

Methylene  chloride  628 

Methylia  '   '  'jrj^ 

Methylic  acetate  '  793 

alcohol  \ 

chloride  \  g28 

— dichlorinated  '  g29 

liydride   271,  629 

naphthalene  g^o 

salicylate  .'    !  662 

Metric  system  as  a  measure  of 

length  g2 

—as  a  measure  of  surface  ...  62 

— as  a  measure  of  capacity   .    .  62 

— as  a  measure  of  weight  ...  63 

Meyer  (Lothar)  on  periodicity  .    .  54 

Mezereon  resin  653 

Mica  "87,443 

Microcosmic  salt  ...     164,  329,  372 

Milk   .  817 

Milk  of  cows  698 

composition  per   100  parts  of 

human  compared  with  that  of 

the  cow  818 

Milk  of  lime  381 

Milk  sugar  579 

Millerite  430 

Millimetres,  to  reduce,  to  inches  .  842 

Millon's  reaction  with  the  pro- 

teids  798 

Mineral  chamelion  396 

Mineral  green  463 

yellow  526 

Mineral  waters  246 

Minium  525 

Miscible  naphtha  598 

Miscibility  7,  241 

Mispeckel  495 

Mixture,  chemical  and  mechanical  2 

Moiree  metallique  479 

Moisture    in  air    (^See  Gaseous 

vapours). 

Molecular  formulae  572 

gravitation  1 

heat,  law  of  47 

volumes  41,  45 

— of  gases   .  41 

— of  solids  44 

— of  liquids  44 

-  calculation  of  43 

weights  34,  43 

— of  elements  44 

— and  boiling  points  47 

Molecule,  compound  and  elemen- 
tary  33 

saturated  and  unsaturated    .    .  622 

Molybdates,  The  317,  516 
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Molybdenum  

compounds  of  

—tests  for  517 

natural  history,  preparation,  pro- 
perties  514,  515 

Molybdio  anhydride  515 

chloride  515 

oxytetrachloride  515 

oxide  515 

pentachloride  515,  516 

persulphide  515,  517 

sulphide  515,  517 

tetrasulphide  515 

Molybdous  chlorides    .    .    .   515,  516 

hydrate  515 

oxide  515 

sulphide  515 

"Mon"  or  "mono,"  "deut,"  etc., 

the  prefixes  29 

Monads  50 

Monadelphic  double  type .    .    .  .560 
Monamides,  primary,  secondary, 

and  tertiary  760 

Monamines  '^50 

Monazite  ^50 

Mond's  process  359 

Monobromobenzene  639 

Monochlorobenzene  639 

Monochloromethane  628 

Monohydrogen  phosphate     .    .  .161 

Monoclinic  system  66 

Moor's  test  for  sugar  685 

Morindin  '^^'^ 

Mordant,  alum  as  a  439 

Morphine   60,  773 

tests  for  781 

Mortar  381 

hydraulic  382 

Mosaic  gold  483 

Mottramite   504 

Mucin  833 

Mucoid  sugar  •    •  680 

Mucous  or  viscous  fermentation    .  580 

Mucus  833 

Mudie's  disinfectant  589 

Mulberry  calculus  .  .  .  .  719,  832 
Multiple  proportions,  law  of    .    .  35 

Mundic  408 

Murexide   828,829 

Muride  102 

Muscle  795 

sugar  of   686,  801,  803 

Mustard,  essence  of  172 

oil  of   581,  686 

Mustard  oils  613 

Mycoderma  aceti  580 

Mycose   680,  684 

Myosin  795 

Myricin  734 

Myrosin  581 

N. 

Names  of  bodies  27 

Naphtha  coal  595 


PAGE 

Naphtha,  wood  597 

Naphthalene   592,  641 

occurrence,  preparation,  proper- 
ties, etc  641 

series  640 

Naphthaladine  753 

Naphthoquinone  681 

Naphtoic  series,  acids  of  the     .  .717 

Narceine  773 

Narcotine  773 

tests  for  781 

Nascent  matter,  action  of .    .    .    .  H 

Neodymium  450 

NeoparafBn  626 

Nerve  tissue  803 

Nessler's  solution  373 

Nettles,  acid  of  700 

Neutralisation  546 

Nickel  428 

history,  natural  history,  prepa- 
ration, properties,  uses  .   428,  429 

alloys  of  429 

compounds  of  429 

glance   428,  452,  495 

ores  of  428 

plating  429 

protoxide  of  430 

reactions  of  the  salts  of    .    .    .  431 

Nickelic  hydrate   429,  430 

oxide   429,430 

sulphide   429,  430 

Nickelous  arsenate  429 

bromide   429,430 

carbonate  429 

chloride   429,  430 

fluoride   429,430 

hydrate  430 

iodide   429,430 

nitrate   429,431 

nitrite  431 

oxide   429,430 

phosphate  419 

silicate  429 

sulphate   429,  430 

sulphide   429,430 

Nicotine   770 

Nil  album  (zinc  oxide)     .    .    .  -420 

Niobates,  The  505 

Niobium  504 

compounds  of  506 

Nitraniline  757 

Nitrates,  The  -320 

definition,  synonyms,  natural 
history,  320  ;  theories  of  nitri- 
fication, 321 ;  purification  of 
nitre,  321 ;  preparation,  proper- 
ties, 322  ;  tests,  uses,  323. 

salts  allied  to  the  

Nitre,  converted  ota 

Nitre  or  saltpetre     ....    140,  dia 
cubical 

form  of,  requisite  for  gunpowder  349 

plantations  or  heaps  321 

prismatic  320 

purification  of  (refining)  .   .  .321 
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Nitre — oontinued. 

sweet  spirits  of  742 

testing  323 

Nitric  acid  Qsev  Acid,  nitric). 

action  of,  on  the  metals    .    .    .  286 
action  of,  on  organic  matter  .  .599 
Nitric  dioxycUoride  (nitrylic  chlo- 
ride) 148 

dioxy-tetrachloride  (chloro-ni- 

tric  gas)  148 

Nitric  oxide  131 

synonyms,  preparation,  proper- 
ties  131 

oxy  -  dichloride   (chloro  -  nitric 

gas)  148 

peroxide   128,  132,  134 

— synonyms,  134  ;  history,  pre- 
paration, properties,  135. 

trioxide  133 

Nitrides,  The  ...    ,     117,  285,  310 

Nitrification  81 

Nitriles,  The  761 

Nitrites,  The  323 

formation  of  323 

Nitrobenzene  639 

Nitro-ethane  628 

Nitrogen  115 

synonyms,  115;  history,  115; 
natural  history,  115  ;  prepara- 
tion, 116;  properties,  117; 
tests,  117  ;  uses,  118. 

absorption  by  carbon  204 

— coefficient  of  242 

compounds  {nee  below). 

— with  the  haloids  145 

— with  hydrogen  258 

— with  oxygen  128 

estimation  of   120,  565 

— of  the  hydrogen  and  carbon  in 

a  body  containing  ....  564 
general  remarks  on  the  oxides  of 

nitrogen  138 

a  grouping  element  for  nitro- 

genized  bodies  560 

present  in  various  animal  sub- 
stances  116 

quantity  of,  in  the  air  .    .    .  .120 
recognition  of,  in  organic  bodies  565 
Nitrogen,  binoxide  (deutoxide)  of  131 

chloride  of  145 

dioxide  131 

iodide  of  146 

monoxide  128 

oxides  of,  general  remarks  on  the  138 

pentoxide  139 

protoxide  128 

tetroxide  134 

trioxide  133 

Nitro-cellulin  790 

Nitro-glycerine  677 

Nitro-methane  628 

Nitro-naphthalene  641 

Nitro-paraffins  790 

Nitro-prussides  617 

tests  for  620 


Nitro-sucrose  (;g2 

Nitrosyl  '*!l31 

bromide  .147 

chloride  (nitrous  oxychloride) 

sulphate  147 

Nitrotrichloromethane     .    .    .    .'  630 

Nitrous  air  .131 

Nitrous  bromide  145 

chloride  145 

hydrobiniodide  hq 

iodide  '.HQ 

— (nitric  peroxide)  134 

oxide  128,  138 

— synonyms,  history,  and  prepa- 
ration, 128  ;  properties,  129  ; 
uses,  130. 

— absorption  by  carbon  of  .  .  .  204 
— absorption  co-efficient  of    .    .  242 

oxybromide  147 

oxychloride  147 

— synonyms,  preparation,  pro- 
perties  147 

Nitrous  sulphuric  acid     .    ,    .  .182 

Nitroxyl  chloride  148 

Nitryl  134 

Nitrylic  chloride  148 

— synonyms,  preparation,  pro- 
perties  148 

Nobel's  blasting  oil  677 

Nomenclature  27 

Nonane  624 

Nonene  630 

Nonylene  630 

Nordhausen  sulphuric  acid  .   181,  409 

Norwegium  452 

Nut  galls  737 


0. 

Oak  bark  736 

Obsidian  or  volcanic  glass    .    .    .  443 
Occlusion  of  hydrogen  .    .    .    231,  284 
— of  carbonic  oxide  by  steel  .    .  402 

Ochre  (red)   399,  444 

(yellow)  399 

(Wolfram)  553 

Octads  51 

Octane  624 

Octene  630 

Octylene  630 

Odds  or  perissads  52 

Odors,  power  of  carbon  for  absorb- 
ing  204 

Odling  on  ozone  75 

Oil,  bitter  almond  651 

bone  801 

cocoa  nut  698 

earth  nut  698 

fusel  698 

paraffin  647 

rook  or  petroleum  647 

rue  698 

tree  698 
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Oil  of  camphor  651 

of  sulphur  

of  turpentine  and  its  allies    .    .  6-18 

of  vitriol  1^1 

Oil  -wells,  gases  from  227 

Oils  and  fats  731 

Oils,  cause  of  certain  oils  drying^  .  590 
Oils,  essential  or  volatile  .    .    650,  651 
preparation,    properties,    650 ; 

table  of  essential  oils     .    .  .651 
volatile,  as  disinfectants,  589, 

650,  734 

drying,  table  of  '^^^ 

fish,  table  of  733 

fixed  731 

— action  of  heat  on  the,  and  solu- 
bility of  732 

 air  (rancidity)  .....  732 

—list  of  fatty  bodies     .    .    .  .733 

— non-saponifiable  734 

— saponifiable  732 

—tabulated  list  of  fats  and  oils  .  733 

metallic  

non-drying,  table  of  733 

Okenite  

Olefiant  gas  272 

Olefiant  gas  series  of  hydrocarbons  630 
decomposition  by  heat  of  .    .    .  15 

Olefines,  the  630 

preparation,  properties  of  the    .  630 

Olein   676,734 

Oleo-resins  654 

Olive  oil   •    .  -733 

Onyx,  an  amorphous  variety  of 

silica  223 

Oolite  .-.  • 

Opal,  an  amorphous  variety  of  silica 

221,223 

Ophite  335 

Opium,  alkaloids  of  778 

Ooze   737 

Orange  chrome  416 

Orceine,  a  red  coloring  matter  675,  783 

Orcin   657,  675 

Orcins,  The  .  674 

Organic  analysis  .560 

Organic  bodies,  ultimate  analysis 

of     .    .    .    .  561 

proximate  analysis  of  ...  •  576 
natural  and  artificial  changes 

of  578 

types  of  559 

action  of  acids  on  598 

— alkaline  hydrates  on  ...  .  600 
— alkaline  carbonates  on  .  .  .  600 
— ^haloid  elements  on    ....  600 

—heat  on  591 

— light  and  electricity  on  .  .  .  603 
— nascent  oxygen  on  ....  601 
— nascent  hydrogen  on  ...    .  602 

Organic  chemistry  556 

definitions  of   •  556 

Organic  compound  and  organised 

body,  distinction  between  .    .  556 
Organic  matters  in  the  air    .    .  .126 


PAGE 

Organisms,  the  part  they  play  in 

fermentation  578 

Organo-boron  compounds  .  .  .  766 
Organo-metallic  compounds.  .  .  765 
Organo-silicon  compounds    .    .    •  766 

Orpiment  495,  501 

Orthophosphates   166,  329 

Orthoclase   340,443 

Osmates,  The  476 

Osmic  acid  474 

chlorides  475 

oxides  475 

sulphide  475 

Osmium  474 

atomic  weight  of  474 

history,  natural  history,  extrac- 
tion, properties,  474. 

compounds  of  475 

— reactions  of  the  476 

Osmiridium   474,  517 

Osmosis  230 

Osmous  chloride  475 

oxide  475 

sulphite  476 

Ossein  ■  ...  800 

Osteolite.    ......  150,379,385 

"  Ous,"  the  termination    ....  28 

Ov-albumen  795 

Oxalates  720 

Oxalic  ether  720 

Oxaluria,  use  of  oxygen  in   ...  85 

Oxamide   668,  760 

Oxides,  The  

— preparation  of  the  296 

— properties  of  the  298 

—table  of  the  297 

— varieties  of  the  296 

„(,ia   297 

....  296 


basic 


fusibility  of  the  298 

neutral  297 

action  of  acids  on  the    .    .    .    .  2J9 

— chlorine  on  the  299 

— sulphur  on  the  299 

—water  on  the  298 

indifEerent  .  .  .  .  •  •  •  -  74 
Oxidising  bodies,  action  of,  on  sugar  68^ 
Oxy-benzene 

Oxychloride,  definition  of  term     .  290 

Oxygen  68 

synonyms,  68 ;  history,  68  ;  na- 
tural history,  69  ;  preparation, 
69  ;  properties,  73  ;  allotropic 
oxygen  or  ozone,  75  ;  uses  of 
oxygen,  81. 
absorption  by  carbon  ot     .    .    .  ^u* 

 by  molten  metals  of  .    .    .    .    <  6 

—co-efficient  of  242 

action  of ,  on  the  non-metals  .    .  74 

—on  the  metals   •  74 

—nascent,   action    on  organic 

bodies  601 

 on  alkaloids  H 

amount  needed  for  respiration 
by  an  average  man  .... 


82 
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Oxygen — continued. 
Br  in  (freres),  process  of,  for  the 

preparation  of  70 

compressed,  physiological  action 

of  73 

estimation  of    ....  75,  120,  56:5 
experimental  determination  of, 
in  an  organic  compound  not 
containing  nitrogen  ....  563 
its  use  in  combustion    ....  84 

in  the  air  82,  120 

liquefaction  of  73 

use  of,  in  medicine  85 

Oxygenated  muriatic  acid  gas  .    .  88 

Oxygenated  water  248 

Oxyhfemoglobin  82 

Oxyiodide,  definition  of  the  term  .  296 

Oxyphenol   657,  675 

Oxysalts  311 

Oyster  shells,  composition  of    .  .379 

Ozokerit   647 

Ozone   75,  590 

history,  75  ;  nature,  75  ;  prepara- 
tion, 76  ;  properties,  78  ;  tests, 
79  ;  quantitative  determina- 
tion, 80. 

faculty  of  phosphorus  for  evolv- 
ing, in  damp  air  77 

presence  of,  in  the  air  ...  .  122 
Ozonizers  76,  79 


Packfong  429 

Painting  on  glass  364 

Palladia  chloride   471,  472 

oxide   471,  472 

sulphide   471,  473 

Palladium  470 

history,  natural  history,  extrac- 
tion from  platinum  ores,  from 
gold  ores  ;  properties.    .    470,  471 
absorption  of  hydrogen  by.   231,  470 
action  on  ethylene  of    ...    .  471 

alloys  of  471 

chloride  of  472 

compounds  of  471 

— reactions  of  the  473 

hydride  311 

.     spongy  470 

suboxide  of  472 

subsulphide  of  473 

Palladous  chloride  471 

cyanide   471,  472,  607 

hydride   471,  472 

iodide   471,  472 

nitrate  471 

oxides  471 

sulphate  471 

sulphides   471,  473 

Palm  oil  705 

Palmitates,  The  705 

Palmitin   676,  734 


Pancreatic  fluid  §21 

composition  of,  per  1,000  parts  ."  821 

Pancreatin  819,  822 

Papaverine  773 

Papin's  digester  §01 

"  Para,"  the  prefix  30 

Paracyanogen  6Q4 

Paraffin  547 

„  oil  !    !  647 

Paraffins,  The   272,  624 

preparation  of  the  626 

general  properties,  the  .  .  .  .627 
Paraglobulin  ....     795,  808,  814 

Paraldehyde  745  771 

Paramylon   687^  688 

Paranaphthalene  643 

Paraniline  754 

Paranthracene  644 

Parapectin  690 

Paraxylene   634 

Parchment,  vegetable  790 

Paris  yellow  526 

Parke's    process   for  extracting 

silver  52 1 

Parvoline  754 

Passive  iron   404,  410 

Pattinson's  process  for  extraction 

of  silver  521 

Pattinson's  white  lead  oxychloride  526 

Pea  iron  ore  399 

Pear,  essence  of  jargonelle   .    .    .  742 

Pearlash   343,  348 

Pearl  hardener  (calcic  sulphate)  .  384 

Pearl  white  467 

Peat  205 

Pectin   689,  793 

Pectose   689,  792 

Penicillium  glaucum   .    .    .   580,  581 

Pentachlorobenzene  639 

Pentachlorophenol  671 

Pentadecane  624 

Pentad  elements  51 

Pentane  624 

Pentathionates,  The  320 

Pentene  630 

Pepsin  819,  820 

Peptones   797,  820 

"  Per,"  the  prefix  29 

Perchlorates,  The  327 

Perchloric  oxide  99 

Periclase     .  388 

Pericline  443 

Peridote  335 

Periodates,  The  327 

Periodicity,  Mendeleeff's  law  of    .  52 

table   .  53 

Perissads,  or  odds  52 

Permanent  white  377 

Permanganates,  The     .    .    .    316,  39:< 

Pernitric  oxide  134 

Peroxide  of  chlorine  9'.' 

of  hydrogen  (hydric  peroxide)  .  24  S 

of  nitrogen  134 

Perruthenates,  The  477 

Persulphide  of  hydrogen  ....  269 
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Persulphocyanogen  fil2 

Persulphuretted  hydrogen    .    .    .  269 

Periiranates,  The  433 

•etatite  3G5,  443 

'etroleum  647 

oil  6i7 

spirit  647 

L'e^vter   480,488 

Pharaoh's  serpents  613 

Phenaoite   335,  447 

Phenanthrene   592,  645 

Phenates,  The  672 

Phenol  {see  Acid,  carbolic). 

Phenols,  The  668 

Phenoqninone  672 

Phenose  639 

Phenylamine  755 

Phenylbutylene  640 

Phenylethylene  640 

Phenylia  755 

Phenylic  hydride  638 

Phenyl  isocyanide  762 

Philosopher's  wool  (zinc  oxide) 

420,  421 

Phlogisticated  vitriolic  acid  .    .  .175 
Phlogiston  and  phlogistic  theory 

69,  115,  149 

as  a  synonym  of  hydrogen    .    .  227 

Phlorizin  686 

Phloroglucin  677 

Phloroglucol  677 

Phlorol  669 

Phosgene  gas  18,  36,  216 

Phospham  169 

Phosphamine  263 

Phosphamimide  170 

Phosphates,  The  329 

Fleitmann's  and  Henneberg's    .  330 

Phosphides,  The  310 

Phosphine   263 

Phosphines,  The  763 

Phosphites,  The  331 

definition  ;  properties,  tests  .  .  331 
Phosphomolybdates,  The  .  .  .  .516 
Phosphoric  bromide  169 

chloride  169 

iodide  169 

Phosphoretted  hydrogen,  gaseous  .  263 

— liquid  265 

—solid  265 

Phosphoric  chloride ....    167,  602 

— synonyms,  preparation,  pro- 
perties  168 

— abnormal  vapor  density  of 

45,  168 

dodecasulphide  193 

fluoride  169 

hydrobromide  264 

hydro-iodide  264 

iodide  265 

oxide,  a  dehydrating  agent    .    .  602 

oxytriamide  170 

oxytrichloride  168 

sulphide  193 

sulpho  bromide  194 
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Phosphoric — continued. 

sulphotrichloride  193 

— synonym,  preparation,  proper- 
ties  .   193,194 

Phosphorite    379,  385 

Phosphorous  acid  158 

anhydride  158 

Phosphorus  149 

history,  149 ;  natural  history, 
150  ;  preparation,  151  ;  varie- 
ties, 152  ;  properties,  152  ;  so- 
lubility, 154  ;  tests,  157  ;  uses, 
157. 

action  of  ammonia  on  com- 
pounds of  169 

compounds  with  oxygen    .    .  .158 

— with  the  haloids  167 

— with  hydrogen  ....  263-265 

— with  sulphur  ■ .    .  193 

estimation   of,    in  an  organic 

body  567 

general  remarks  on  the  acids  of 

the  oxides  of  phosphorus   .  .164 
proportion  of,  per  cent,  present 

in  various  animal  tissues  .  150 
— in  various  vegetable  tissues  .  150 
— ^in  which  certain  gases  stop  the 

slow  combustion  of     .    .  .155 
quantities  of  vapor  required  to 
check  the  luminosity  of,  in  air 
at  elevated  temperatures    .  .155 
solubility  in  various  liquids  .    .  154 

amorphous  152 

black  .152 

Canton's  383 

physiological  action  of  .    .    152,  157 

red  152 

vapor  density  of  44 

white  152 

Phosphorus,  iodides  of  169 

bromide  169 

bromochloride  169 

chloride  167 

iodide  169 

oxide  (phosphorous  anhydride)  .  160 

oxychloride  of  168 

pentachloride  or  perchloride  of  .  167 

sesquisulphide  193 

suboxide  of  158 

sulphides  193 

sulphochloride  of  193 

sulphobromochloride  .  .  _  .  .169 
trichloride  or  terchloride  of  .  .167 

trihydride  263 

trioxide     (phosphorous  anhy- 
dride)  160 

Baldwin's  (calcic  nitrate)  .    .  .149 
Bolognian  (baric  sulphate)    .    .  149 
Homberg's  (fused  calcic  chlo- 
ride) 149 

Phosphoryl  chloride  or  trichloride 

^  168,  169 

chlorobromide  169 

nitrate  1^0 

Phosphotungstates,  The   .    .    .  .555 
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Photography  535 

Phyllocyanine   785,  786 

Phylloxanthin  784,  786 

Physiological  properties  of  bodies 
influenced  by  affinity.    ...  3 

Physostigmine  776 

Picoline   592,  754 

Pictet's  liquefaction  of  oxygen  and 

hydrogen  73,  229 

Pigments  in  urine  830 

Pil.  hydrargyri  539 

Pitchblende  431 

Pimple  455 

Pink  salt  483 

Piperidine  754 

Piperine  775 

Pit  gas  271 

Pitch   596,  598 

Plants,  life  of   85,  198,  791 

manganese  in  391 

Plasma  813 

Plaster  of  Paris  383 

Platino  diammonic  chloride  .    .    .  513 
tetrammonic  chloride    ....  513 

Platino  nitrites.  The  514 

Platinates,  The  512 

Platinamine  513 

Platinic  acid  512 

ammonic  chloride  509 

bromide  511 

chloride  511 

hydrate  511 

iodide   ....  511 

oxide  511 

potassium  chloride  511 

sodium  chloride  511 

Platiuo-ohlorides  512 

cyanogen  614 

nitrates  511 

Platinoso  chlorides  512 

Platinous  br ornate  511 

chloride  511 

hydrate  511 

iodide  511 

oxide  511 

sulphide  511 

sulphite  511 

Platinum  509 

history,  natural  history  ;  extrac- 
tion ;  properties  ;  uses  .  509-511 
action  on  water  of    .    .    .   228,  420 
bases  produced  by  the  action  of 
ammonia  on  the  chlorides  of 
platinum  (platinamines)    .  .513 

binoxide  of  511 

black  10,  510 

compounds  of  511 

— reactions  of  the  514 

oxygen  with  511 

chlorine  with  512 

sulphur  with  514 

power  of,  for  absorbing  gases 

10,  231,  284 

protochloride  of  512 

spongy  510 
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Platinum — continued. 
tetrachloride,  perchloride  or  bi- 
chloride of  512 

Platoso  tetrammonic  chloride   .   .  513 

—hydrate  513 

diammonic  chloride  513 

Plumbago  or  black  lead   .    .    198,  199 

Plumbates,  The  525 

Plumbic  acetate   523,  702 

ammonic  sulphate  528 

arsenate   520,  529 

borate  529 

bromide  523 

carbonate  523 

chloride   523,  526 

chlorite  328 

chlorosulphide  528 

chromate   416,  520,  529 

— basic  416 

—as  an  oxidizing  agent    .   416,  562 

dithionate  528 

ethide  757 

ferricyanide  613 

ferrocyanide  613 

fluoride  523 

hydrate   524,  525 

iodide   523,  526 

mellonide  612 

molybdate  520 

nitrates   523,  527 

— basic  523 

nitrites   523,  527 

oxide   523,524 

— use  in  storage  batteries  ...  20 

oxychloride   52,  523,  526 

oxyiodide  527 

peroxide   523,  525 

phosphates  .    .    .150,  520,  523,  529 

selenate  196 

selenide   194,  528 

silicate   522,  529 

sulphantimonite  594 

sulphate   523,528 

sulphide  523 

sulphite   523,  528 

sulphochloride   523,  527 

sulphocyanate  612 

tungstate   520,  553 

Plumbous  oxide   523,  524 

sulphide  _  •  523 

Pneumonia,  absence  of  chlorine  in 
the  urine  in  cases  of  ....  88 

Podophyllum  resin  653 

Poling  copper  4^5 

Pollux  367 

Polymerism  

Polyterpenes  634 

Populin  687 

Porcelain  and  pottery  

mode  of  manufacture  .    .   444,  446 

Porphyry  

Portland  cement  382 

Potash  (potassic  hydrate)  .    .  342,  348 
table  showing  the  percentage 
amount  of,  in  aqueous  solu- 
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Potash — continued. 

tions  of  various  specific  gra- 
vities  838 

alum  438 

anhydrous  (potassic  oxide)  .  .  342 
caustic  (potassic  hydrate) .    .    .  342 

red  prussiate  of  346 

yellow  prussiate  of  345 

Potassa  sulphurata  346 

Potassium  340 

history,  natural  history,  prepa- 
ration, properties  340 

amalgam  539 

reactions  of  the  compounds  of  .352 
table  of  compounds  of  potassium  341 

Potassium  acetate  302 

aluminate  439 

alumrnic  bromide  440 

aluminic  silicate  335 

aluminic  sulphate  (see  Alums)  .  441 

amide   342,  351 

antimonate   341,  492 

antimonious  tartrate     .  342, 351,  723 

arsenate   332,  341, 

arsenite  334 

aurate  507 

benzoate  672 

bicarbonate  348 

bichromate  414,  415 

bisulphate  347 

bitartrate  351 

borate   336,  342 

borofluoride  221 

bromate   342,  351 

bromide  345 

carbonate  ....  341,  347, 348 
— boiling    point   of  saturated 

solution  of  238 

chlorate   13,  342,  350 

chloride   341,  344 

chlorochromate  417 

chromate  414,  415 

chromic  sulphate  417 

cobaltic  nitrite  427 

cobaltous  sulphate  426 

cupric  sulphate  462 

cyanate  607 

cyanide    ....  341,  845,  607,  609 

cyanurate  608 

dioxide   341,  342 

dithionate   320,  341 

ferrate  407 

ferric  chloride  408 

—sulphate  410 

ferricyanide   341, 346 

ferrocyanide   341, 345 

ferrous  ferricyanide  613 

ferrous  ferrocyanide  613 

fluoride   341,345 

fluosilicate  ....     336,  341,  345 

formate  210,  214 

hydrate   341,342 

hydric  fluoride  341 

— sulphide  346 

— tartrate   351, 342 
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Potassium — continued. 

hydride  311,341 

hydroxide  342 

iodate   325,  342,  351 

iodide   341,  344 

iridic  chloride  518 

manganate  395 

manganite  394 

mellonides  612 

mercaptide  679 

metaphoaphate  341 

nitrate   140,  320,  342 

— boiling  point    of  saturated 

solution  of  238 

— determination  of  value  of  .    .  323 

nickelous  cyanide  613 

nitrite   342,  350 

orthophosphate  341 

osmate  476 

osmite  476 

oxalates  720 

oxide   341, 342 

palladic  chloride  472 

palladous  chloride  472 

perchlorate  ....     327,  342,  351 

periodate   342,  351 

permanganate  589 

peroxide   341,  342 

perruthenate  477 

persulphide  346 

phosphite  351 

platinic-chloride  ....   344,  511 

plumbate  525 

pyrophosphate  341 

pyrosulphate   341,  347 

pyrosulphite  341 

rhodic  sulphate  474 

ruthenate   476,  477 

selenate   196,  314,  342 

selenite  319 

silicate  349 

silico-fluoride   341,  345 

sodic  tartrate   342,  351 

stannate  •  481 

stannite  481 

sulphantimonate  ....    341,  494 

sulpharsenate  341 

sulphate   341,  347 

sulphides   341,  346 

sulphite   341,  347 

sulph-hydrate'   341,  346 

sulphocyanate  612 

sulphocyanide   608,  612 

tartrate    ....  342,  351,  722,  723 

tellurate  315,  342 

tetrachromate  190,  416 

thiosulphate   341,  347 

titanate  486 

titanofluoride  485 

trichromate  406 

trithionate  196 

vanadate  504 

Pottery,  Porcelain  and     .....  444 

Praseodymium  450 

Precipitation  5 

3  L  2 
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Prefixes  29 

Prehnite  443 

Prepare  liquor  482 

Pressure,  average,  of  the  air  in 

England  39 

standard  39,237 

Preston  smelling  salts  371 

Proof  spirit,  meaning  of  term  .    .  664 

Propane  624 

Propene  630 

Propine  633 

Propione   748 

Propionates,  The  704 

Propionitrile  762 

Propylbenzene  637 

Propylene  630 

Propylic  acetate  742 

isosulphocyanide  613 

Propyliodide  626 

Propylmethylbemene  634 

Proteid,  coagulated  797 

Proteids  794 

reactions  of  the  798 

"Proto,"  the  prefix  29 

Protoxide  of  nitrogen  128 

Prussian  blue  617 

Prussiate  of  iron  (prussian  blue)  .  617 
of  potash  (red)    ....   345,  616 

—(yellow)   345,  614 

Prussic  acid  605 

Pseudocumene  634 

Psilomelane  394 

Psychrometers  123 

Ptyalin  819,  820 

Puce  or  brown  lead  oxide     .    .    .  525 

Pucherite  504 

Puddling  of  iron  401 

Pumice  stone  443 

Purple  of  Cassius  .  .  484,  508,  509 
Purpureo-cobaltic  chloride  .  .  .  427 
Purree  or  Indian  yellow  ....  784 

Pus  823 

Putrefaction,  definition  of  .  .  .  587 
conditions  necessary  for  .  .  .  587 
means  of  preventing    ....  588 

Putty  powder   479,  481 

Pyin  823 

Pyrantimonates,  The  491 

Pyrargyrite  530 

Pyrene   592,  646 

Pyrethrin  653 

Pyridine   592,  754 

Pyrites  171 

iron  171 

copper  171 

Pyro  acid,  definition  of  ....  29 
Pyrocatechin  ....     675,  716,  737 

Pyrochroit  393 

Pyrogallol  ....  657,  677,  736,  737 

Pyrographitic  oxide  199 

Pyroligneous  ether  662 

Pyrolusite   88,  891,  394 

Pyrophorus  (Homberg  s) .  .  .  .442 
Pyrophosphates,  The  .  .  .  165,  329 
Pyrophosphorylic  chloride   .    .  .169 


TAOB 

Pyrophyllite  335 

Pyrosulphuric  chloride    .    .    .  .193 

Pyroxylic  spirit  662 

Pyroxylin  790 

Pyrrol  754 


Q. 


Quadratic  system  66 

Quantivalence  or  atomicity  of  a 

body  47 

method  of  determining  the   .   .  49 

Quartene  630 

Quartine  633 

Quartz,  crystalline  variety  of  silica, 

221,  222,  443 

Quercitrin   686,  785 

Quicklime  381 

Quicksilver  (see  Mercury)    .    .  .538 

Quinicine  772 

Quinidine   772, 773 

Quinine  772 

tests  for  780 

Quinine,  iodosulphate  of  .    .   769,  773 

Quinoidine   772,  773 

Quinoline  592 

Quinones   624,  645 

Quintine  638 

Quintone  (valylene)  634 


E. 


Radicals,  compound  32,  36,  58,  557,  605 
chemistry  of,  (Liebig's  definition 
of  organic  chemistry)    .    .   .  557 

Eain  water  123,  127 

nitrates  in  I'^O 

Rangoon  tar  647 

Realgar   495,496,500 

Red  antimony  ore  '^^^ 

copper  ore  453, 458 

htematite   399,  406 

lead  ore  f^^ 

manganese  ore  391 

ochre  3J" 

phosphorus  

prussiate   346,  616 

silver  ore  

zinc  ore  

Red  bole  *\t 

Red  coloring  matters  

Red  lead  ■  fjl 

Red  liquor  of  alkali  works   .   354,  .w» 

Red  precipitate  "1: 

Redruthite  JJ{ 

Refinery  iron  y 

Refinery  slag  ^  '    '  ' 

Regelation,  phenomenon  of  .    .  • 
Regular  system  of  crystallisation  .  ^ 
Reinsch's  test  for  arsenic  .    .    .   •  '■^^'^ 
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'1 0' set's  first  base  ■"'IS 

second  base  '"'l-'^ 

••  Reiset's  first  base,"  chloride  of  .513 
•  Reiset's  second  base,"  chloride  of  513 
Relabive  weight  of  gases  ....  42 

Rennet   586,796 

Resinification  81 

Resins  652 

preparation,   properties,   652  ; 
varieties,  uses,  653. 

gum  654 

oleo-  654 

Resists  in  dyeing  788 

Resorcin  675 

Respiration  ,  ■ 

amount  and  character  of  air 

needed  for  82 

air  vitiated  by  126 

Reverberatory  furnace  210 

Rhodic  chloride  474 

nitrate  474 

oxides  474 

sulphate  474 

sulphite  474 

sulphides  474 

Rhodium  •.    .    .  473 

history,  natural  history,  extrac- 
tion, properties  ....    473,  474 

compounds  of  474 

— reactions  of  the  474 

Rhodous  oxide  474 

sulphide  474 

Rhombic  system  of  crystallisation  66 
Rhombohedric  system  of  crystal- 
lisation  66 

Rhubarb  719 

Rhubarb  resin  653 

Rinman's  green   424,  427 

Rochelle  salt   ....     338,  351,  723 

Rock  crystal  222 

Rock  oil  647 

Rock  salt  355 

Roman  cement  382 

"  Ropy  "  condition  of  wines  .  .  .  580 
Rosaniline  (aniline  red)  ....  758 

Rose's  metal  464 

Rosin,  common  653 

Rottlerin  653 

Rouge,  jewellers'  405 

Rubian  785 

Rubidine  754 

Rubidium  366 

borate   336,  367 

bromide  367 

carbonates  367 

chlorate  367 

chloride  367 

dithionate  3(57 

hydrate  367 

iodide  3';7 

nitrate  367 

perchlorate  367 

sulphates  367 

spectrum  of  367 

Ruby  437 


PAOE 

Russell,  analysis  of  dew  .    .    .  _  .  123 
estimation  of  organic  matter  in 

air  127 

estimation  of  COo  in  air    .    .  .125 

Rust  "  403 

ammonia  in  259 

Ruthenates,  The  476 

Ruthenic  acid  477 

anhydride  477 

chlorides  477 

hydrate  477 

iodide  477 

oxides  477 

peroxide  477 

sulphate  477 

sulphide  477 

Ruthenium  476 

history,  natural  history,  extrac- 
tion, properties  476 

■  compounds  of  477 

Ruthenous  chloride  477 

oxide  477 

Rutile  or  iron  sand  ......  484 

Rutylene  633 


S. 


Saccharates,  The  683 

Safflower  785 

Saffron  785 

Sal  ammoniac  259 

Sal  gem  355 

Sal  alembroth  544 

Sal  prunelle  balls  348 

Salicin  686 

Salicylol  746 

Saligenin   675,  686 

series  674 

Saline  matters  in  the  air  .    .   125,  128 

Saliva  819 

composition  per  1000  parts  of    .  819 

Salt  cake  process  357 

Salt,  common  (sodic  chloride)  .    .  355 

 355 

cake   356, 357 

Everitt's  white     ....   613,  618 

glazing    .    .    .    :  446 

microcosmic     .    .    .     164, 329, 372 

Schleppe's  333 

Salts  291 

acid,  definition  of  •'^^ 

action  of  salts  on  10 

basic  295 

binary  theory  of  

definition  of     ;    •    •    •    •    •  • 

double ;  defimtion  of    .    •   296,  .^.i7 

—haloid  Ill 

dualistic  theory  of  -'•'^ 

effect  of  heat  upon  o 

general  history  of  ■^^l 

haloid  ^1^^ 

—defimtion  of  .  .  •  •  •  •  •  -'•'^ 
in  solution,  action  of  acids  on    .  H 


886 


INDEX. 


PAGE 

Salts — onntinued. 
in  solution,  action  of  bases  on    .  9 
normal,  definition  of     ....  295 

oxy-  311 

— definition  of  295 

oxysalts  337 

— sulphur  337 

spirits  of  250 

sulpho,  definition  of  269 

varieties  of  ,  295 

Saltpetre   320,  348 

flour  321 

Chili  320 

Saltpetres  (nitrates)  320 

Samarium  451 

Samarskite  451 

Sand  123 

Sandarach  653 

Sandiver  363 

Santaline  785 

Saponification  by  lime  735 

by  steam  736 

by  sulphuric  acid  735 

Saponin  689 

Sapphire  437 

Sarcine   776,  803 

Sarcocine   703,  776,  802 

Saturated  solutions  240 

vapors  237 

Scagliola,  or  artificial  marbles  .  .  384 
Scales  (fish)  composition  of  .    .    .  800 

Scandium  451 

Scandous  oxide  451 

Scheele's  acid,  preparation  of    .    .  606 

green   334,  462,  499 

Scheelite  553 

Schleppe's  salt   333,  494 

Schultz's  process  for  estimating 

nitrogen  259 

Schweinfurt  green  ....   334,  463 

Sclerogen   789,  791 

Scotch  soda   106,  357 

Scott's  cement  382 

Sea-water,  analyses  of  .  -  .    .  246,355 

iodine  in  106 

silver  in  530 

Secondary  action  in  electrolysis    .  20 

batteries  20 

Sedative  salt  219 

Seignette's  salt  723 

Selenates,  The  314 

Selenetted  hydrogen  270 

Selenides,  The  310 

Seleniferous  sulphur  194 

Selenio-cyanates,  The  613 

Selenite   379,  383 

Selenites,  The  319 

Selenium  194 

history,  natural  history,  prepara- 
tion, varieties,  194  ;  proper- 
ties, 195. 

compounds  with  oxygen    .    .  .195 

— with  chlorine  196 

— with  carbon  and  sulphur  .  .196 
Seleniuretted  hydrogen    .    .    .  .270 


„  ,  PAOE 

benarmonite  490 

Sepia  

Septene  630 

Ser-albumen  795,  814 

Sericin  803 

Serpentine   335,  390 

Serum  813 

"  Sesqui,"  the  prefix  29 

Sesquichlorides  301 

Sesquioxidea  297 

Sesquiterpenes  634 

Sewer  gas,  sulphuretted  hydrogen 

in  266 

Sexdecene  630 

Sextene  630 

Sextine  633 

Shamoying,  mode  of  737  ;^ 

Sheep  dipping  mixtures   ....  499 

Shellac  653 

Shells,  composition  of  800 

Sienna  444 

Silica  222 

dialysed  224 

Silica  in  water  prevents  solution  of 

lead  522 

Silicates   335  % 

definition,  natural  history,  335  ; 
varieties,  preparation,  proper- 
ties, 336. 

double   336, 338 

Silicic  acid  223 

anhydride  222 

chloride   224,  766 

ethide  766 

ethylate  766 

fluoride  225 

hydride  278 

— synonym,  preparation,  proper- 
ties  278 

hydrotrichloride  278 

iodoform  279 

methide  766 

methylate  766 

nitride   226  * 

sulphide   226  4 

tetrabromide   224  M 

tetrachloride   224  ^ 

tetrafluoride   224,  225 

tetriodide  224 

tribromide   225 

trichloride   225  IP 

trichlor-sulphydrate  225 

triiodide  225 

Silicides,  The  311 

Siliciuretted  hydrogen  278 

Silico-fiuorides  (fluo-silicates)  .  .  336 
Silico-formic  acid  or  Leukon    226,  279 

Silicon  or  Silicium  221 

history,  natural  history,  varieties, 
preparation,  221  ;  properties, 
186. 

compounds  with  oxygen   .    .    .  222 

— with  the  haloids  224 

— with  hydrogen  278 

adamantine  (crystalline)  .   221,  222 
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Silicon  or  Silioinm—contimed. 

amorphous   221,  222 

dioxide  222 

graphoidal   221,  222 

hydride  of  278 

Silicon  bromoform  224 

chloroform  224,  278 

formanhydride  ....  226,  279 
iodiform   224,279 

Silk  

Silver  0^*0 

history,  natural  history,  extrac- 
tion, properties,  uses  .    .  530-532 
absorption  of  oxygen  by,  when 

molten  '^'^ 

amalgam  530 

compounds  of  532 

— with  oxygen  533 

— with  chlorine  534 

— with  sulphur  536 

extraction  of,  from  lead    .    .  .521 

frosted  531 

fulminating  533 

oxidized  531 

oxy -salts  of  silver  536 

protoxide  of     .......  533 

reactions  of  the  salts  of    .    .    .  537 

selenide  of  194 

subchloride  of  534 

suboxide  of  533 

transparency  of  281 

Silver  salts  of  Qsee  under  Argentous 
and  Argentic). 

Silver  glance   530,  536 

Size   803 

Skin  737 

Slaked  lime  381 

Slate  443 

hornblende  ........  443 

mica  443 

"Slip"  445 

Smalt   427,429 

Smithy  scales   403,  406 

Smoke  nuisances  207 

Snow,  line  of  perpetual    .    .    .  .119 

Soap,  hard   354,734 

soft  735 

marine  354 

arsenical  499 

boilers'  waste  441 

Soaps  732,  734 

Soda  354 

Soda,  table  showing  percentage 
amount  of,  in  aqueous  solu- 
tions of  various  specific  gra- 
vities, 839. 

alum  438 

ash  358 

— impurities  of  358 

— purification  of  358 

ash  process  357 

ball  3.5 

bicarbonate  of  3(iO 

caustic  354 

chloride  of  589 


PAGE 

Soda — continued. 

common  washing  357 

mviriate  of  355 

Scotch  357 

waste   358,  383 

Sodium  352 

amalgam  539 

history,  natural  history,  prepara- 
tion, properties  352 

table  of  compounds  of  .  .  .  .353 
reaction  of  the  compounds  of  .365 

Sodium  acetate  702 

aluminic  chloride  440 

aluminate  439 

amide  353 

ammonic  hydric  phosphate    164,  329 

antimonate   333,  492 

antimonite  334 

argentic  thiosulphate  ....  532 
arsenate  .    .    .    .331,  332,  353,  500 

biphosphate  362 

bisulphate  357 

bisulphite  •    ■  -357 

boiling  point  of  saturated  solu- 
tion  238 

borate   353,  361 

bromate   353,  361 

bromide   353,  356 

carbonate   353, 357 

— ammonia  soda  process  for  pre- 
paring  359 

— boiling    point   of  saturated 

solution  238 

— Leblanc's  process  for  prepar- 

mg  

chlorate   353,  360 

chloride   241,353,355 

— boiling  point  of  saturated  solu- 
tion  238 

cyanide  ^^7 

dioxide   353, 354 

dithionate   320,  353 

ethide  767 

ferrate  407 

fluoride   353, 356 

fluosilicate  353 

hydrate   353,354 

hydride  311,  353 

hydroxide  354 

hyposulphite    .  95,  188, 318,  353,  357 

iodate   35.3,  361 

iodide   353,356 

iridic  chloride  518 

manganate  395 

metabismuthite    ....  4()b 

metantimonite  •  334 

metaphosphate  .  .  329,  330,  353,  357 
nitrate        ...  140,320,353,360 

nitrite   353,  360 

nitro-prusside  _  •  "I? 

oxalate   2  4  720 

oxide  353,354 

perclilorate  '^"i. 

periodate  ■  327 

periodide   353,  361 


888 


INDEX. 


PARE 

Soiium  —continued. 

phosphate    .    .    .  1G4,  329,  353,  3(11 

platiiiic  chloride  511 

polysulphides  353 

potassic  carbonate    .    .    .   353,  360 

potassic  tartrates  723 

pyrophosphate  .    .  329,  330,  353,  3(52 

pyrosulphite  353 

rhodium  sulphate  473 

selenate  .  353 

sesquicarbonate    ....   353,  360 

silicate   353,  362 

silicoiiuoride  353 

stannate  317,  483 

sulphantimonate  ....  353,  494 
sulpharsenate  .    .  333,  350,  353,  502 

sulpharsenites   334,  501 

sulphate   353.  356 

sulphide   353^  356 

sulphite   353,  357 

sulphophosphate  ....  .194 

tartrates  723 

tellurate  353 

thiosulphate  95,  188,  318,  353, 

357,  359 

tung'state  317 

zincate  421 

Soil,  as  a  natural  disinfectant  .  .  588 
Soils,  formation  of  ...    .   213,  791 

Solanin  686 

Solder   .  480 

Solids,  solubility  of,  in  water   .    .  240 

homogeneity  of  3 

animal  794 

Soluble  glass  362 

Solution  7,  240 

fractional  3 

supersaturated  241 

Solutive  water  Qsee  Acid,  nitric). 

Sombrerite  379 

Soot  200 

Soranjee  784 

Sorbite  686 

Sorrel  719 

Spar,  heavy  (barium)  375 

Spartein   770,  771 

Spathic  iron  ore  .410 

Spathose  iron  ore  399 

Specific  gravities,  tables  of  .   840,  841 
— of  bodies,  affinity  measured  by 

reference  to  the  21 

gravity  of  gases    .       ....  42 

Specific  heat  45,  283 

heats  of  elementary  bodies    .    .  45 

—table  of  ,  46 

Specular  iron  ore     ....   339,  406 

Speculum  metal   456,  480 

Speiss  429 

Spelter  (zinc)  418,  419 

Spent  oxide  172 

Spermaceti   657,  698 

Spheroidal  condition,  The    .    .  .239 

Spiegeleisen  401 

Spinelle  ruby   438,  489 

Spirea,  oil  of   602,  746 


Spirit  making,  alcoholic  fermenta- 
tion in  jjgg 

Spirit  of  salts  '250 

Spirits  of  vinegar  .'  701  / 

Spirits  of  wine  (.see  Alcohol).    "    '  ' 

Spiritus  Mindereri  702 

nitro-aerius  (jg 

"  Spitting  "  of  metals  .  .74,510,531 

Spodumene  '  3(55 

Stalactites  and  stalagmites  .  .  .  S8i 
Stannates,  The    .    .    .     317,  481,  508 

Stannic  acid  47) 

bromide  4.^ 

chloride   UO 

ethide  '7^7 

fluoride  430 

iodide  430 

nitrate  479 

oxides  430 

sulphate  479,  431 

sulphide  430 

Stannico-fluorides,  The  ....  483 
Stannites,  The .    .    .    .    .    .    .  .431 

Stannous  bromide  430 

chloride   480,  482 

ethide  757 

fluoride  480 

hydrate   480, 482 

iodide  430 

nitrate  479 

oxide  480 

oxychloride  480 

stannate  430 

sulphide  480 

sulpho-stannate  483 

Starch  687 

common  687 

— preparation,  properties,  action 
of  heat,  action  of  acids,  ac- 
tion of   alkalies,  action  of 

haloids   687,  688 

iodide  of  109 

reactions  of  690 

Starches  687 

natural   history,  preparation, 

varieties  687 

Steam,  latent  heat  of  239 

Stearates,  The  706 

Stearin  676 

Steatite   335,390 

Steel,  preparation  of    .    .    .   402,  403 

blistered  402 

natural  402 

occlusion  of  gases  by  402 

shear  402 

tempering  402 

Stereochromy  362 

Stibethyl  763 

Stibine   489,646 

Stibines  763 

Stibnite  488 

Stilbite  443 

Stochiometry  31 

Stoneware  446 

Storage  batteries  20 
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Strontia  378 

Strontianite  379 

Strontium  378 

history,  natural  history,  prepara- 
tion, properties,  378 

compounds  of  378 

— reactions  of  the  379 

spectrum  of  379 

bromide  378 

carbonate   378,  379 

chlorate  378 

chloride  378 

dioxide  378 

dithionate   320,  378 

fluoride  378 

hydrate  378 

iodide  378 

nitrate   378,  379 

oxide  378 

peroxide  (dioxide)  378 

phosphate  378 

silico-fluoride  378 

sulphate  378 

sulphite  378 

thiosulphate  378 

Strychnine  774 

tests  for  11,  781 

Stucco  384 

Styrolene   274,  640 

"  Sab,"  the  prefix  30 

Sub-carburetted  hydrogen    .    .    .  271 

Suboxides  297 

Substitution,  inorganic    .    .    .    .  57 

inverse  602 

organic  58,  93 

Succinamide  761 

Succinimide   695,  760 

Succinylchloride  695 

Sucrates,  The  ........  682 

Sucrose  680 

Sucroses,  The  680 

Suffioni  219 

Sugar  680 

action  of  yeast  on  581 

cane  or  sparkling  680 

— ^natural  history,  680  ;  prepara- 
tion ;  sugar  refining ;  proper- 
ties ;  action  of  heat,  solubility, 
action  of  acids,  action  of  alka- 
lies ;  action  of  oxidizing 
bodies,  680-683 
granular  (grape  sugar)  ....  684 

grape   579,  680,  684 

— history,  preparation,  proper- 
ties, action  of  heat,  684 ;  action 
of  acids,  685. 

inverted   682,  685 

milk  680,683 

— natural  history,  preparation, 
properties,  solubility,  action 
of  heat,  683 

mucoid  685 

muscle  686 

Sugar  of  lead  703 

Sugars,  reactions  of  the   ...    .  690 


PAGB 

"  Sulph  "  or  "  Sulpho,"  the  prefix  .  30 
Sulphantimonates,  The  .  .  333,  494 
Sulphantimonites,  The     .    .   334,  494 

Sulphates,  The  311 

definition,  natural  history,  varie- 
ties and  constitution,  311  ; 
preparation,  properties,  312 ; 
tests,  uses,  314. 

acid  311,  337 

allies  of  the  314 

basic  312 

double  312,337 

oxy-  313 

Sulp'h-hydrates,  The  309 

■Sulphides,  The   268,306 

definition,  natural  history,  pre- 
paration, 306  ;  properties,  307  ; 
tests,  estimation,  309. 

classification  of  the  307 

double  337 

oxy-  •  308 

Sulphites,  The  179,319 

definition,  preparation,  proper- 
ties, tests,  uses,  319. 

Sulpho-acids   176,  632 

bismuthites  464 

carbamide  708 

carbonates  217, 308 

cyanates  (sulphocyanides)     .  .612 

— ^tests  for  the  620 

(or  thio-)  ethers  741 

ferrites  409 

phenyl-urea  755 

platinates  514 

stannates  317,  483 

sulphates  317 

urea   611,  708,  755 

Sulphur  172 

synonyms  and  history,  172  ;  pre- 
paration, 172  ;  varieties,  172  ; 
properties,  173  ;  uses,  175. 

allotropic  forms  of  172 

estimation  of,  in  an  organic  body  567 

form  of  crystals  of  173 

recovery  of,  from  tank  waste  .  359 
specific  gravity  of  vapor  of    .  .174 

Sulphur,  auratum  494 

black  193 

bromide  192 

chloride  191 

dichloride  191,  192 

dioxide  176 

diphosphide  193 

flowers  of  172,  176 

for  gunpowder  349 

hexiodide  192 

iodide  ^92 

liver  of  346 

milk  of  173,  176 

native  ^71 

negative  and  positive    .    .    .  .175 

oil  of  181 

plastic  173 

precipitatum  176 

roll  172 
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Sulphur — eontimtied. 

seleniferous  194 

sublimatum  176 

tetrachloride  191,  192 

tetraphosphide  193 

trioxide  180 

urea  611,  755 

virgin  171 

volatile  spirits  of  176 

Sulphurets  (see  Sulphides). 
Sulphuretted  or  hepatic  waters    .  266 
hydrogen  absorption  by  carbon 

of  204,  266,  592 

— absorption  coefl&cient  of    .    .  242 

Sulphuric  acid  176,  180 

— synonyms,  history,  natural  his- 
tory, and  preparation,  180  ;  va- 
rieties, 183  ;  impurities  and 
tests  for  the  impurities  of  sul- 
phuric acid,  184  ;  pTirification, 
184  ;    properties,   185  ;  uses, 


157. 

— action  on  the  metals  of  .    .    .  286 

— anhydrous  

— boiling  point  of  185 

— glacial  183 

—Graham's  183 

— specific  gravity  at  different 

peratures  185 

— NordhavTsen  181,  183 


— and  water,  table  showing  the 
heat  and  condensation  re- 
sulting from  mixtures  of  .186 

 on  organic  matters    .    .    .  186 

— stable  shomng  the  percentage 
of  real,  corresponding  to  va- 
rious specific  gravities  of 
aqueous  sulphuric  acid  .    .  836 


Sulphuric  ammonide  367 

oxide  180 

oxychlorhydrate  193 

oxydichloride  193 

Sulphuric  anhydride    .    .    .    176,  180 
— synonyms,  preparation,  pro- 
perties  180 

Sulphurous  acid  176,  179 

anhydride  176 

— synonyms,  history,  176  ;  natu- 
ral history,  preparation  and 

properties  .   177 

— tests,  uses  179 

absorption  coefl&cient  of    .    .    .  242 

— by  carbon  204 

oxydichloride  192 

Sulphuryl,  chloride  .    .  '  .    .    .  .178 

chlorhydrate  193 

dichloride  193 

Sumbulroot  711 

Sun,  elements  detected  in  atmo- 
sphere of  the  227 

Superheated  vapors  and  liquids  239, 241 

Superior  aflBnity  5 

"Superphosphate".    .    .    .  151,164 

Supersaturation  241 

Surface  action  10 


PAGE 

Sweat  833 

Symbols  (chemical)  and  formula  30 

Sympathetic  ink  426 

Syngenite  379 

Synthesis  and  analysis  ....  27 
Syntonin  797 


T. 

Tachydrite  389 

Tagilite  463 

Talc   335, 390 

Tallow  734 

Tannin  687 

Tanning,  mode  of  737 

Tank  waste   172,188,358 

Tannins  736 

Tantalates,  The  505 

Tantalum  504 

compounds  of  505 

Tar,  coal  595 

 distillation  of  266 

wood  596 

Rangoon,  or  rock  oil    ....  647 

Tartar,  cream  of  722 

Tartar  emetic  .    .    .  351,  342,  490,  723 

Tartar  of  teeth  819 

Tartar  of  wine  casks    ,    340,  351,  722 

Tartrates,  The  double  338 

Taurin  822 

Tawing,  mode  of  737 

Teeth,  composition  of  the ....  800 

—  tartar  of  819 

Tellurates,  The  315 

Telluretted  hydrogen  270 

Telluric  bismuth  196 

oxide  196,  197 

Tellurides,  The  310 

Tellurites,  The  197 

Teichmann's  hsemin  crystals    .  .813 

Tellurium  196 

history,  natural  history,  proper- 
ties  196 

compounds  of   tellurium  and 

oxygen  197 

Tellurous  oxide  "197 

Temperature,  standard  ....  40 
average,  of  the  air  in  England  .  119 
influence  of,  on  solubility    .  .241 

Tenacity  of  bodies  282 

Tension  of  gases  237 

Terbium  451 

Terebene  649 

Terebenthene  649 

Terminations  of  chemical  words  .  28 

Terpinole  649 

Tetra-allyl-ammonic  hydrate  .  .  753 
Tetra-butyl-ammonic  hydrate  .    .  753 

Tetrachlorides  301 

Tetrachlormethane  628 

Tetradecane  624 

Tetrad  elements  50 

Tetrahydric  pyrophosphate  .  .  .163 
Tetramethyl-ammonic  hydrate  .    .  752 
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Tetramyl-ammonic  hydrate  .    .   .  753 

Tetramylene  630 

Teta-ane  624 

Tetramines  750 

Tetraphenylbenzene  646 

Tetraphenylethylene  646 

Tetrathionates,  The  320 

Tetrethyl-ammonic  hydrate  .    .    .  753 

Thallic  bromide  551 

chloride  551 

hydrate  551 

iodide  .    .    •  551 

nitrate   551,  552 

oxide  ■    .    •  551 

sulphate   551,  552 

sulphide   551,552 

Thallium  550 

history,  natural  history,  extrac- 
tion, properties  550 

compounds  of  551 

— reactions  of  the  552 

Thallous  bromide  551 

carbonate   551,  552 

chloride   551,  552 

fluoride  551 

hydrate  551 

iodide   551 

nitrate   551,  552 

oxide  551 

oxyhydrate  552 

phosphates  551 

sulphate   551  552 

sulphide   551,  552 

Thebaine  773 

Theine  774 

Thenard's  blue   427,  446 

Theobromine  775 

Thermochemistry  14 

Thermometer,  table  for  converting 
degrees  of  the  Centigrade  into 
degrees  of  Fahrenheit's  scale  .  844 

wet  and  dry  bulb  123 

Thermometers,  hypsometric  .    .  ,237 

Thio-acids  176 

Thio-alcohol  679 

Thio-cyanates  612 

Thio-ethers  741 

Thionamide  192 

Thionyl  chloride  178,  192 

Thialfiine  755 

Thiophosphoryl  chloride  .  .  .  .193 
Thiosulphates  or  sulpho-sulphates  317 

Thorium  (thorinum)  449 

compounds  of  449 

Thymol  672 

Time  of  combination,  affinity  mea- 
sured by  the  24 

Tin  478 

history,  natural  history,  prepara- 
tion,   properties,  impurities, 

uses   478,  480 

amalgam  of   480,  539 

bichloride  and  tetrachloride  of  .  482 

binoxide  of  481 

block  478 
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Tin — continued. 

butter  of  482 

compounds  of  Qsee  Stannous  and 

Stannic)  480 

crystals  482 

disulphide  of  483 

foil  479 

grain  478 

mine  478 

nitromuriate  of  483 

ores  of  478 

oxymuriate  of  482 

plate  479 

protochloride  of  482 

protosulphide  of  483 

pyrites   478, 483 

reactions  of  the  salts  of    ...  484 

slag  478 

stone  478 

salt  482 

sesquioxide  of   480,  481 

sesqui sulphide  of  480 

"  Tin  prepare  liquor  "  of  the  calico 

printer  482 

Tin  white  cobalt  495 

Tincal  219,361 

Tinder  199 

Tinning,  process  of  479 

Titanates,  The  486 

Titanic  acid  485 

anhydride  485 

chloride   .   485,  487 

cyanonitride   485,  487 

fluoride  485 

nitride   485,487 

oxide  485 

sulphide   485,487 

Titanif erous  iron  484 

Titanium  484 

history,  natural  history,  prepa- 
ration, properties  484 

compounds  of  485 

dioxide  of  485 

protoxide  of  485 

reaction  of  compounds  of  .    .    .  487 

sesquioxide  of  485 

Titanous  chloride  486 

oxide  485 

Tobacco,  lithium  in  ash  of  .     .    .  365 

Toffy  682 

Tolane   645,  646 

Toluene   592,  595,  634,  639 

preparation,  properties  ....  639 

Toluidine   754, 757 

Toluyene  646 

Tolylamine  754 

Topaz   87,438,440 

Torula  cerevisae   579,  581 

Tragacanthin   689 

Trachyte  443 

Transitional  elements  54 

Trehalose   680,  684 

Triad  elements  50 

Triallylamine  753 

Triamines   750,  755 
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Triamyl  sfcibine  76i 

Triamylamine  753 

Triamylene  630 

Tribenzylamine  753 

Triborethyl  766 

Tributylamine  753 

Tricalcium  phosphate  385 

Trichloraldehyde  745 

Trichlorides  301 

Trichlormethane   628,  622 

preparation,  532-533 ;  properties, 

uses  533 

Trichromic  tetroxide  .  .  .  412,  414 
Triclinic  system  of  crystals  ...  67 

Tricymylamine  753 

Tridecane  624 

Triethene  diamine  754 

Triethylamine  752 

Triethyl-arsine  763 

bismuthine  764 

phosphine  763 

stibine  763 

Trihydric  phosphate  163 

Triiodomethane  628 

Trimethylamine  752 

Trimethyl  phosphine  763 

Triraethyl  stibine  763 

Triphane  365 

Triphylline  365 

Triphenylbenzene  646 

Triple  phosphate  390 

Triple  phosphate  calculus  .  .  .832 
Trithionates,  The     ....    190,  320 

Trixylylamine  753 

Tungstates,  The  317,  554 

definition,  uses  of  the    .    .    .  .317 

reactions  of  the  555 

Tungsten  553 

natural  history,  preparation,  pro- 
perties of  553 

Tungstic  acid  553 

anhydride   553,  554 

dioxydibromide  554 

dioxydichloride  554 

hexachloride  554 

oxytetrachloride  554 

pentachloride  554 

sulphide  554 

Tungsto-tungstates,  The  ....  555 
Tungstens  chloride  .    .    .    .  •  .    .  554 

oxide   553,  554 

sulphide  554 

Turmeric  785 

Turnbull's  blue  613,  617 

Turner's  yellow  526 

Turpenes,  The  ....  60,  634,  648 
Turpentine,    English,    from  the 

Scotch  fir  648 

French,  from  the  Pinus  mari- 

tima  f>4S 

Venice,  from  the  larch  ....  648 
isomers  and  polymers  of    .    .    .  651 

oil  of,  and  its  allies  fi48 

"Turps"  648 

as  a  disinfectant  589 


Turpeth  mineral   295,  54,5 

Turquoise  442 

Tutenag  '  42;) 

Twaddell's  hydrometer,  degrees  on  841 

Twilight  

Types,  doctrine  of  41 

Type  metal   290,  483 


U. 

Ulmin   589,  682,  68r> 

Ultramarine,  native  and  artificial .  443 

Umber  444 

Undecane  624 

Unit  of  heat  45 

thermal  45 

of  volume  43 

Uramil  829 

Uranates,  The  433 

Uranic  anhydride  432 

nitrate  432 

oxide  432 

Uranite  431 

Uranium  431 

history,  natural  history,  prepara- 
tion, properties,  uses     .  431-432 

atomic  weight  of  432 

compounds  of  432 

— reactions  of  the  434 

nitrite  434 

oxychloride  432 

vitriol  433 

yellow   .  433 

Uranous  bromide  432 

chloride  432 

fluoride  432 

hydrate  -   .   .  432 

oxide   ...  432 

phosphate  150 

sulphate  432 

sulphide  432 

Uranyl,  radical  433 

Uranylic  bromide  432 

acetate  433 

ammonium  phosphate  ....  433 

chloride  432 

nitrate   432, 433 

pyrosulphate  432 

sulphate   432,  433 

sulphide  432 

Urea  60,  216,  607,  610,  755,  777,  782,  826 
constitution,  preparation,  pro- 
perties  826 

sulphur  611 

Ureas,  compound  827 

Uric  acid,  some  products  of  the 
oxidation  of  uric  acid  ....  828 

Urinary  calculi  831 

Uriue  824 

composition,  properties,  consti- 
tuents  824 


average  composition  of  normal, 
and  average  quantity  of  the 
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Urine — continued. 

various  constituents  excreted 

in  twenty-four  hours    .    .    •  82i 

spirit  of  ...    .    .    .    •    •    •  25-' 

preparation  of  phospiorus  from  I.jI 


V. 

?Sentinite;  ^88,  jfo 

Valerates,  The  

Valerylene  

Valylene  

Vanadates,  The  

Vanadinite  

Vanadium  

Vanadous  chloride  o^* 

oxide  ■    •  -504 

Vapor,  aqueous,  table  of  the  ten- 
sion of  238 

Vapor  density  .    .    .    .    .    •    •    •  »oo 
determination  of  vapor  density  .  5by 
application   of   the  facts  de- 
duced from  ultimate  analysis,  . 
and  from  the  determination 
of  the  vapor  densities  of  or- 
ganic bodies  572 

Vapor  tension  237 

Vapors,  latent  heat  of  239 

Yarec   106,  357 

Varentrapps'  and  Wills'  process 
for  estimating  nitrogen  in  an 

organic  body  5^6 

Varnishes  "5'| 

Varvicite  

Veget-albumen  '95 

Vegetable  chemistry  789 

Vegetable  parchment  790 

Venetian  red  405 

Ventilation,  air  needful  for  .     82,  212 

Veratrine  775 

Verdigris  463,  703 

Vermilion  547 

Vinegar,  manufacture  of  .    .    .  .586 

French  wine  587 

English  malt   .......  587 

springs  of  volcanic  districts  .  .181 

Vinic  alcohol  663 

Vinous  fermentation  579 

Viridine  7o4: 

Viscous  fermeutation  580 

Vital  force  557 

Vitality,  influence  of,  on  chemical 

action  20 

Vitellin  795 

Vitriol  181 

cobalt  426 

green  409 

white  422 

iron  409 

lead  528 

oil  of  181,183 

— fuming  ,183 

spirit  or  essence  of  181 


PAGE 

Volatile  alkali  259 

Volatility   changed  by  chemical 

action  4 

Volborthite  504 

Volcanic  glass  443 

Volcanoes,  gases  in  neighbourhood 

of  227 

Volume,  meaning  of  term    ...  37 

Volume  symbols  37 

of  bodies  40 

Vulcanite  '  ....  655 


W. 

Wad  394 

Wash  leather  737 

Washing  soda  357 

Water  283 

— ^history,  natural  history,  pre- 
paration, composition,  233  ; 
properties,  179-206. 
action  on  the  metals  of .    .    .    .  228 

as  a  solvent  240 

boiling  point  of  237 

— of    saturated     solutions  of 

various  salts  in  238 

Clark's  process  for  softening     .  385 
common  (rain,  spring  and  well, 
lake  and  marsh,  and  river)    .  245 

freezing  point  of  235 

hardness  of   247,  383 

Harrogate  171 

heat  developed  in  the  formation 

of  16,19 

latent  heat  of  236 

maximum  density  of    .    .  236,239 

potable  247 

superheated  241 

tension  of  the  vapor  of    .    .  238 

unit  of  heat   45,  236 

—of  weight  (specific  gravity)  .  235 

weight  of   235,  842 

— on  various  areas  846 

Water  gas  210 

Wavelite   87,150,442 

Weights  of  gases,  determination  of  43 
Weights  and  measures,  table  of 

English  841 

Weld,  or  luteoline  784 

Welding  of  the  metals  .  .  .  283 
Weldon's  process  for  regenerating 

manganese  dioxide    .    .     89,  394 

Whey  683 

White  arsenic  ........  498 

lead  ore   520,527 

precipitate  544 

vitriol  422 

White  lead,  preparation  of   .    .    .  528 

White  precipitate  545 

White  wax  733 

Willemite  335 

Williamite  418 

Winds  119 

Wine  casks,  tartar  of  340 
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Wine-making,  alcoholic  fermenta- 
tion in   585 

Wine,  ropy  state  of  580 

varieties  of  585 

Wine,  spirits  of   657,  663 

Wintergreen,  oil  of   662 

Witherite  (barium  carbonate)  .    .  377 

Wolfram  478,  553 

Wolfranium  553 

Wood  charcoal     .    .    .     199,  200,  598 

naphtha  597 

tar  598 

Wood,  decay  of  589 

its  conversion  into  coal     .    .    .  205 
products  of  the  distillation  of  .  596 
Wood  or  pyroxylic  spirit  597,  657,  662 

Woody  matter  791 

Wort  585 

Wrought  iron  .    .    .   403 

Wurtzite  422 


X. 

Xanthin   776,  785,  803,  831 

Xanthoproteic  reaction  of  proteids  798 

Xylene   592,  696,  634,  637 

Xylenol  669 

Xylidine  754 

Xylylamine  753 


Y. 

Yeast,  a  complicated  ferment   .    .  581 

Yeast,  dried  581 

Yellow  chrome  816,  416 

Yellow  ore  592 

Yellow  prussiate   345,  615 

Yellow,  ultramarine  415 

"  Yl  "  and  "  Yle,"  the  terminations  29 

Ytterbium  451 

Yttria  451 

Yttrium  450 

Crookes's  researches  on .    .    .    .  461 

Yttrous  chloride  451 

nitrate  461 

oxide  451 

sulphate  451 


Z. 

ZafEre   424,  427 

Zircon   335,  449 

Zirconia  449 

Zirconium  449 

bromide  449 

chloride  449 
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Zirconium — continued. 

fluoride  449 

hydrate  449 

oxide  .    ,    .    .    •  44g 

silicate  335 

Zirconates,  The  449 

Zirconofluorides,  The  449 

Zinc  418 

history,  natural  history,  prepa- 
ration, properties,  uses  .  418,  419 

blende   418,  421,  422,  448 

compounds  of  421 

glass  418 

impurities  of  419 

ores  418 

reactions  of  the  salts  of    .    ,    .  428 

spar  423 

spinelle  418 

vapor  density  of  44 

white  421 

Zinc  acetate  702 

aluminate  489 

ammonic  chloride  422 

amylide  767 

antimonide   421,  422 

arsenide   421,  422,  497 

bromide   421,422. 

carbonate   421,  428 

chloride   421,  422,  589 

— a  dehydrating  agent  ....  602 

chromite  413 

cyanide  607 

ethide  767 

ethyl  757 

ferrocyanide  424 

fluoride   421,422 

fluosilicate  .422 

hydrate  421 

iodide   421,  422 

methide  767 

molybdate  516 

nitrate   421,423- 

nitride  422 

oxide  421 

oxycarbonate  423 

oxychloride  422 

pentasulphide  .....   421,  422 

phosphate  423 

phosphide  422 

potassic  sulphate  423 

silicate  335 

silico-fluoride   421,  422 

sulphate   421,  422,  589 

sulphide   421,  422 

Zone  of  carburation  (iron)  .    .    .  400 

—fusion  400 

—  reduction  400 

Zeolites  448 

Zymotic  or  ferment  diseases    .    .  582 
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